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INTRODUCTION. 



Land Subyeting is a braucli of the mathematics, applied to prac- 
tical purposes, and had its origin, it is said, in Egypt, more than 
1000 years before the Christian era; where the annual inundations 
of the Nile, and the consequent large deposits of mud, destroyed 
the land marks of the different proprietors. It, therefore, became 
necessary to determine these land marks by measurement, or to lay 
out the proper quantities of land claimed by the several proprietors, 
irrespective of their land marks, thus destroyed. Hence the origin 
of the science of geometry^ so called from its being compounded of 
two Greek words, signifying "^o measure the earth '^ This science, 
it is well known, is the foundation of the splendid system of mathe-> 
matics, which has imparted to mankind a knowledge of the extent 
of the fstrthest visible imiverse, and of the laws by which Almighty 
PowEE directs the celestial motions. But, notwithstanding the early 
origin of this science, in as far as it is applied to land surveying, it 
has received comparatively very little improvement almost up to the 
present time. The writers of extensive works on this subject beii^g 
cMefLj practical men, unacquainted with modem analysis, and some 
of them even ignorant of geometry, have successively produced works, 
which are little more thfui mere copies of those previously published, 
their examples being in all cases, simple and profuse without va- 
riety or elegance, the invariable result of such labours being a large 
volume immeasurably behind the requirements of the subject as well 
as the science of modem times. 

In the following work, I trust, it wiU be that found the author has 
avoided such profiision and want of variety in the subjects proposed, 
making, at the same time, the most important parts sufficiently clear 
to those students who have not had an opportunity of studying 
geometry and the higher branches of mathematics, — ^the demons- 
trations of all rules and formulae not previously published, being 
given in notes, apart from the practical matter; while the demons- 
trations of all rules previously given in various works of geometry 
and analytical trigonometry, are omitted, to avoid increasing the 
size of the work, which is divided into Two PartSy viz.. Land and 
Engineering Surveying ^ and each part into six chapters; on each of 
which it will be proper to make a few observations. 

Chaftees I. and II., On Practical Greometry and Surveying by 
the Chain and Cross, are of too simple a character to admit of im- 
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provement, the author's object in these being condensation and clear 
ness, with a sufficiency of examples to introduce the subject. 

Chapteb m. On- Surveying with the Chain only, contains seve- ! 
ral new Problems, among which may be named Problem IV., which ' 
furnishes an original and concise method of finding the width of a 
large river. Problem VII, gives three methods of surveying fields 
of from five to seven sides, with only five chain Hues, with examples 
of the numerous lines adopted in old methods ; and Problem IX. 
gives a method of surveying a small estate of six fields by either ' 
five or four chain lines, with the method of proving the positions of 
straight fences ; which positions all previous authors have deter- 
mined by the crossing of two chain lines, or by prolonging eadi 
straight fence to two chain Hues; which methods constitute no 
check on wrong entries in the Field Book. This Chapter concludes 
with several specimens of laying out main lines of extensive aur- 
veys, which occurred in the author's practice, he having surveyed 
several parishes for First Class Maps, under the Tithe Commuta- 
tion Act; one of which [Tilluigton, Sussex] was tested on the 
ground, by order of the Tithe Commissioners, and found to be 
unexc^tumably correct, a rare occurrence among the maps of other 
surveyors, wMch were tested about the same time, and rejected on 
account of their numerous distortions and consequent errors. See 
page 59. 

In Chaptkk IV. are given engravings and deseriptions of tlie 
most efficient drawing and surveying instruments, which are chiefly 
taken from Heather's Treatise on Mathenudical Instruments, in the 
Rudimentary Series, the best work on this subject. In this Chapter 
Bodham's method of keeping the Field Book, invented about fifty 
years ago, is given with slight alteration, on a folding plate, and 
the plan of an estate, to wMch the field book refers. 

Chapter V. contains several surveys, chiefly by the Theodolite, 
including surveys for railways and other engineering purposes. In 
this Chapter directions for town-surveys are rather prominently 
introduced, the author having been engaged in the survey of Dover, 
for Eowland B«es, Esq., Architect and Surveyor for that borough, 
the map of whidi was also tested on the ground, by order of the 
Ordnance authorities; which, like that of Tillington, already tioticed, 
was found to he correct; which was not the case with many other 
similar surveys of towns in the kingdom. Although the results, 
in the cases of Tillington and Dover, were highly gratifying, they 
were only such as good surveyors might reasonably expect; and it 
may here be proper to add that the unavoidable delays, caused by 
the testing operation, and the annoyances, arising from distrust in 
the accuracy of the work, were subjects of great anxiety to both 
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Mr. Bees and the author ; especially, by thus testing their work, 
they were classed with ignorant pretenders to this practieal appli- 
cation of Mathematical Science. See pages 97, Case m. 

Chaptbb YI., on dividing and inclosing land, commons, &c., 
has been almost entirely remodelled by the author, Qe^eral formulse, 
never before published, being given iar the expeditious laying out 
and dividing land of uniform or variable value, the demonstrations 
of which aare given in the notes, or among the Formulas in Fart II., 
Chapter VI. This Chapter concludes Part I. j which, it will be 
seen treats exclusively on land surveying. 

Pabt n. of this w(»k, may with propriety be called modem, 
if we except Chapter I. on levelling, which has been practised 
above a century, firstly for canals, and secondly for drainage, roads 
and Tailways ; however, no good treatise on this subject appeared 
tin that by ifr. Simms^ whose plates and examples, being in the 
publisher's possession, were adopted by the author in this work, 
as well as some parts of Mr. Simms' accompanying explanations of 
the subject. In this Chapter the author has also availed himself 
of Heaiher^s Treatke on Mathematical Instruments for the plates of 
the levels, &c., and some parts of their deseriplions. 

Chapteb II. treats of the various methodls required for laying 
out railway curves in the ground ; these methods were invented by 
the author about thirty years ago, were first published in the 
Gentleman's Dioiy, secondly in the Ninth Edition of NeshUs' Sur^ 
vepng^ thirdly in the author's Bmlway JBnffineering, and the fourth 
and fifth times in the First and Second Editions of this work. The 
author trusts that it will be found, that he has treated this subject 
in an improved and practical manner: the investigations of the 
additional formulae here required are given in the notes, the others 
will be found in the author's work above referred to, the geometri- 
cal constructions of compound and serpentine curves being here 
omitted, as being seldom used by practical men. See Memarks on 
the Invention of the Method of laying out Railwag Owrves, page 179. 
In Chaftee in. the methods of setting out the widths of rail- 
way cuttings, on aU varieties of sloping and undulating ground, 
are carried out chiefly by original formulae, which are also given 
with their investigation, in the author's BaiUoay Engineering, Mr, 
Simms also wrote on this subject, in his work on levelling, but 
without giving any formulae ; these methods may therefore be con- 
sidered as entirely new modelled. 

Ohaptee IV. is on tunnelling, on the setting out of which very 
little has been written by any author. The author has, he trusts, 
given dear and practical methods for this purpose, whether the 
tunnel be straight or curved, with copious notes, chiefly extracted 
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from the Practical Railway Engineer, published by Mr. Weale in 
4to., on the methods of excavating tunnels, &c. 

Ghapteb Y. is on the author's concise and original. method of 
finding the contents of the earthwork of railways, almost entirely^ 
without calculation. This method was invented by the author 
about sixteen years ago, although another author, the errors of 
whose methods approximate ^50 per cent, as their maximum, has 
the assurance to claim the same methods, (see remarks on this sub- 
ject, page 203,) the errors of that author's method being farther 
pointed out in this work, its fallacy having been before fully es- 
tablished by rigid mathematical demonstration in the author's 
Railway Engineering, 

Chapter YI. contains a collection of problems and formulae of 
utility in land and engineering surveying, the investigation of 
which are either given or referred to in other works, with a col- 
lection of unsolved problems original and select, for the exercise of 
students. At the end of this Chapter is given PamJbiyur*s Formula 
for the super-elevation of the exterior rail in railway curves. 

The work concludes with an Appendix, in which are given the 
dimensions of the famous tubular bridges, and several of the prin- 
cipal railway viaducts of various constructions, which the late 
general extension of railways has called into existence in this 
kingdom. 

iSrom the preceding analysis of the contents of this work, as 
well as from an inspection of its several details, and a comparison 
of these with the works of other authors, it will at once be seen 
that of the twelve Chapters of which this work is composed, four may 
be safely claimed by the author as having been originally drawn 
up by him, viz.. Chapters II., III., lY. and Y. of Part II., while 
in all the other Chapters, excepting the first and second in Part I., 
considerable additions and improvements have also been made; 
and these in the compass of a smaller volume than those that treat 
only of land purveying. It is, therefore, the author's hope that 
the inteUigent reader will find that he has placed this subject in 
the position it ought to occupy among the other scientific works of 
the age ; and since this work, after the sale of 7000 copies in little 
more than three years, has reached a new edition, this hope seems 
to be amply realized. 



LAND AND ENGINEERING SURVEYING. 

PART I. 

LAND SURVEYING. 

CHAPTER I. 

Pbevious to commencing the various subjects of Land and 
Engineering Surveying, it will be necessary to give a clear 
view of Practical Geometry, which is especially requisite for 
those who are unacquainted with this branch, as weU as those 
parts of the Mathematics which are equivalent to it. 



PRACTICAL GEOMETRY. 

DEFINITIONS. 

1. A point has no dimensions, neither length, breadth, nor 
thickness. ' 

2. A line has length only, as A. ^ 

3. A surface or plane has length and 
bx-eadth, as £(. 



B 




4. A right or straight line lies wholly in the same direction 
as AB. ' 

5. Parallel lines are always at the same ^ — ^ 

distance^ and never meet when prolonged, n r. 

as AB and CD. ^ ^ 

6. An angle is formed by the meeting of 
two lines, as A C, C B. It is called the 
angle ACB, the letter at the angular point 
C being read in the middle. 

7. A right angle is formed by one right 
line standing erect or perpendicular to an- 
other ; thus, A B C is a right ande, as is 
also ABE. 

8. An acute angle is less than a right v 
angle, as D B C. 

9. An obtuse angle is greater than a right angle, as D B E. 

1 





2 PRACTICAL GEOMETRY. 

10. A plane triangle is a space included by three right lines, 
and has three angles. 

11. ^ right angled triangle has one right 
angle, as A B C. The side A C, opposite the 
right angle, is called the hjpothenuse; the 
sides A B and B C are respectively called the 
base and perpendicular. 

12. An obtuse angled triangle has onp obtuse 
angle, as the angle at B. 

Id. An acute angled triangle has all its 
three angles acute, as D. 

14. An equilateral triangle has three equal 
sides, and three equal angles, as E. 

15. An isosceles triangle has two equal sides, 
and the third side greater or less than each ot 
the equal sides as F. 

\6, A quadrilateral figure is a space bounded by four right 

lines, and has four angles ; when its opposite 
sides are equal, it is called a parallelogram. 

n^ A square has all its sides equal, and all 
its angles right angles, as G. 





G 




18. ^ rectangle is a right angled parallelogram, whose length 
exceeds its breadth, as B, (see figure to definition 2). 



19. ^ rhombus is a parallelogram having 
all its sides and each pair of its opposite angles 
equal, as I. 

20. A rhomboid is a parallelogram having 
its opposite sides and angles equal, as EL 

21. A trapezium is bounded by four 
straight lines, no two of which are parallel 
to each other, as L. A line connecting 
any two of its angles are called the diagonal^ 
as AB. 
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22. A trapezoid is a quadrilateral, having p 

two of its opposite sides parallel, and the re- J M l 
maining two not, as M. i— ; — ' 

23. Polygons have more than four sides, and receive par- 
ticular names, according to the number of their sides. Thus, 
a pentagon has five sides; a hexagon^ six; ^ heptagon, seven; 
an octagon, eight ; &c. Thej are called regular polygons, 
when aU their sides and angles are equal, otherwise irregular 
polygons. 

24. A circle is a plain figure, bounded by a 
curve line, called the circumference, which is 
everywhere equidistant from a point C within, ^ t 
called the centre. 

25. An arc of a circle is a part of the circumference, as 
AB. 

26. The diameter of a circle is a 
straight line AB, passing through the 
centre C, and dividing the circle into two 
equal parts, each of which is called a 
semicircle. Half the diameter A C or 
CB is called the radius. If a radius CD 
be drawn at right angles to A B, it will 
divide the semicircle into two equal parts, each of which is 
called a quadrant, or one fourth of a circle. A chord is a right 
line joining the extremities of an arc, as F E. It divides the 
circle into two unequal parts called segments. If the radii C F, 
C E be drawn, the space, bounded by these radii and the arc 
F E, will be the sector of a circle, 

27. The circumference of every circle is supposed to be 
divided into 360 equal parts, called degrees, and each degree 
into 60 minutes, each minute into 60 seconds, &c. Hence a 
semicircle contains 180 degrees, and a quadrant 90 degrees. 

28. ^ The measure of an angle is an arc of 
any circle, contained between the two lines 
which form the angle,^ the angular point 
being the centre ; and it is estimated by the 
number of degrees contained in that arc : — 
thus the arc A B, the centre of which is C, 
is the measure of the angle A C B. If the 

angle A C B contain 42 degrees, 29 minutes, and 48 seconds, 
it is thus written 42^ 29^ 48''. 
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PROBLEMS IN PRACTICAL GEOMETRT. 

(In solving the five following problems only a pair of common compasses and 
a straight edge are required; Uie problems beyond the fifth require a scale of 
equal parts; and the two last a line of cliordB : all of whl<^ will be fomid in a 
common case of iostnimenta.) 

Pboblbbc I. 
sG..- To divide a given straight line A B into two 

.••'\ equal parts. 

From the centres A and B, with any radius, 

X — ig — B ^^ opening of the compasses, greater than half 

A B, describe two arcs, cutting each other in C 

y(^ and D; draw G D, and it will cut A B in the 

^ middle point E. 

Problem II. 
At a given distance E, to draw a straight line C D, parallel 
to a given straight line A B. 

E From any two points m and r, in 

n g the line A B, with a distance equal to 

C 7—-- — iT"""^ D E, dedcribe the arcs n and s :— draw 

C D to touch these arcs, without cut- 

A — ST" r ^ ^^"S them, and it will be the parallel 

required. 

Note. This problem, as well as the following one, is nsoallv performed \jy m 
iBStroment called theparaUel rtder, 

Problkm III. 
Through a given point r, to draw a straight line CD parallel 
to a given straight line A B. 

From any point n in the line A B, with 
^ T f p the distance n r, describe the arc r m :— from 

/ '*-.... centre r, with the same radius, describe the 

/ '''•'■4 ^^^ ^ * • — *^^® *^^® ^^^ «» r in the compasses, 
^* ' and apply it from n to. s : — through r and s 

draw C D, which is the parallel required. 

Peobleii IV. 
From a given point V in a straight line A'B to effect a per- 
pendvcidar. 

1 When the point is in^or near the middle of the line* 

On each side of the point P take, any two 

.'\\ equal distances, P wi, P « ; from the points 

m and n, as centres, with any radius greater 

than P m, describe two arcs cutting each 

other in C; through C, draw C P, and it will 

~~g be the perpendicular required. 



^K? 






A: 
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■B 



PRACTICAL 6EOMETBT. 

2. Tflien thepaini F is ai the end of the line. 

With the centre P, and any radius, de- 
scribe the arc nrs; — ^from the point n, 
with the same radius, turn the compasses 
twice on the arc, as at r and s : — again, 
with centres r and «, describe arcs inter- 
secting in C : — draw C P, and it will be 
the perpendicular required. ^ > 

Note. This problem and the following one are usually done with an inatni- 
meat called the square. 

Problem V. 
From a given point C to let Jail a perpendicular to a given line. 
1 When the point is nearly opposite the middle of the line. 

From C» as a centre, describe an arc to cut 
A B in m and n ;— with centres m and n, 
and the same or any other radius, describe 
arcs intersecting in o : through C and o draw 
C o, the perpendicular required* 

2. When the paint is nearly opposite the end of the line. 

From C draw any line C m to meet £ A, 
in any point m; — bisect C m in n, and with 
the centre n, and radius Cn, or mn, describe 
an arc cutting B A in P. Draw C P for the 
perpendicular required. 

Problem VI, 

To construct a triangle with three given right linesj any two 
of which must be greater than the thirds (Euc, I. 22.) 

Let the three given lines be 5, 4 and 3 
yards. From any scale of equal parts lay 
off the base A B = 5 yards ; with the 
centre A and radius A C = 4 yards, de- 
scribe an arc ; with centre B and radius 
C B 3= 3 yards; describe another arc cutting the former arc in 
C:— draw AC and CB; then ABC is the triangle required. 

Problem VII. 

Given the hose and perpendicular^ with • 

the place of the latter on the base^ to con^ 
struct the triangle. 

Let the base AB = 7, the per- 
pendicular C D = 3, and the dis- 
tance AD =s 2 chains. Make AB 
= 7 and AD » 2;-— at D erect the 
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perpendicular D C, which make ss 3 :— draw A C and C B ; 
then A B C is the triangle required* 

Pboblbic VIIL 
To describe a square, whose side shall be of a given length. 

Let the given line A B be three chains. At 
the end B of the given line erect the perpen- 
dicular B C, (by Prob. IV. 2.) which make 
3= AB : — ^with A and C as centres, and radius 
A B, describe arcs cutting each other in D : 
draw A D, D C and the square will be com- 
pleted. 

Problem IX. 
To describe a rectangled parallelogram having a given length 

and breadth. 

Let the length AB = 5 chains, and 
the breadth B C = 2. At B erect the 
perpendicular BC, and make it = 2 :-^ 
with the centre A and radius B C de- 
scribe an arc ; and with centre C and 

radius A B, describe another arc, cutting the former in D :— 

join AD, D C to complete the rectangle. 

Problem X. 
The base and two perpendiculars being given to construct a 
trapezoid 

Let the base A B = 6, and the 
perpendiculars A D and B C, 2 and 
3 chains respectively. Draw the 
perpendiculars AD, DC, as given 
above, and join D C, thus complet- 
ing the trapezoid. 

Problem XL 





B 



To make a triangle equal to a given trapezium A B C D. 



D 



Draw the diagonal D B, and C E pa- 
rallel to it, meeting A B prolonged in 
E: — join DE; then shall the triangle 
A D E be equal to the trapezium 
ABCD. 



Problem XII. 
To mahe a triangle equal to the figure A B C D E A. 
Draw the diagonals DA, DB, and the lines EF, CG, 




PRACTICAL GEOMETBT. 

£ 




parallel to them, meeting the 
hase A B, produced hoth ways, 
in F and G:— join I>F, DG; 
then the triangle D F G will 
he equal to the given figure 
ABCDEA. 



Problem XIII. 

To make a square equal to a given rectangle A B C D. 

Produce one side A B till B £ he 
equal to B C : — ^bisect A E in o ; on 
which as a centre, with radius A o, 
describe a semicircle, and prolong BC 
to meet it in F :— on B F describe the 
square B F G H, and it will be equal 
to the rectangle A B C D, as required. E 

Problem XIV. 

To set off an angle to contain a given number of degrees. 

Let the angle be required to \^' 
contain 41 degrees. Open the 
compasses to the extent of 60? 
upon the line of chords, and, 
setting one foot upon A, with 
this extent, describe an arc cut- 
ting AB in B; then taking the Aj^ LS_ 
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extent of 41° from the same line of chords, set it off from B to 
C ; join A C; then B A C is the angle required. 

Problem XV. 

To measure an angle contained by two straight lines, 

{See last figure,) 

Let A B, A C contain t{ie angle to be measured. Open the 
compasses to the extent of 60°, as before, on the line of chords, 
and with this radius describe the arc B C, cutting A B, A C 
produced, if necessary, in B and C; then extend the compasses 
from B to C, and this extent, applied to the line of chords, will 
reach to 41°, the required measure of the angle BAG. 

A right angle, or perpendicular, may be laid off by extending 
the arc B C, and setting off the extent of 90° thereon. Also an 
angle greater than 90° may be laid off, by still further extend- 
ing the arc, and laying the excess of the arc above 90°, from 
the end of the 90th degree. 

NoTB. Angles are more correctly and expeditiously laid ofF^and measared ^ 
bj* an instmment called the protractor, to be hereafter described. 
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GEOMETRICAL THEOREMS. 
{Necessary to be known by Surveyors.) 

Theorem I. 

Angles vertically opposite are equal: — 

thus the angle A G E s angle H G B, 
C :^5^^ J) and E G B == A G H. (Euc. I. 16.) 

Theorem II. 
(See last figure^ 
A rtghi line £ F, cutting two parallel right lines A B, G D, 
nujkes the alternate angle equal, Sfc, : — thus the angles A G H, 
G H D are equal; also the exterior angle E G B is equal to the 
interior and opposite G H D. (Euc. I. 29.) 

Theorem III. 
The greatest side of every triangle is opposite the greatest 
angle. (Euc. I. 18.) 

Theorem IV. 

Let the side A B of the triangle ABC 
be produced to D, the exterior angle C B D 
is equal to the interior angles at A and C; 
also the three interior angles of the triangle 
are equal to two right angles. (Euc. I. 32.) 
Whence any two angles of a triangle bei^g giyen the third 
becomes known« 

Theorem V. 
{See ^figure to Definition 11.) 
Let A B C be a right angled triangle, having a right angle 
at B; then, the sqtuzre on the side AC is equal to die sum oj 
the square on the sides A B, B C. (Euc. I. 47.) Whence any 
two sides of a right angled triangle being given the third be- 
comes known. 

Theorem VI. 

In any triangle ABC, let D E be 
drawn parallel to one of its sides, CB; 
then, ABis^oAEo^BC tf^DE; 
and the triangles are said to be similar. 
(Euc. VI. 2.) 

Theorem VIL 

{See last figure.) 

Let ABC, A E D be similar triangles ; then, the triangle 

A B C t« to the triangle A E D a^ the square of A^ is to the 

square of AK: that is, similar triangles are to one another in 

the duplicate ratio of their homologous sides. (Euc. VL 19.) 





Theorem YIIL 

All ftimilai* figures are to one another as the squares of their 
homologons, or like, sides. (£uc. III. 20.) 

Theobem IX. 

All similar solids are to one another as the cubes of their like 
linear dimensions. (Euc. VI. 2^.) 



CHAPTER 11. 

DesCBIPTIOIT of IxsTRUMBNTS USBP fob MEASUBISrO AND 

Flani^ing Small Subveys. 
the chain. 

The chain, usually called Gunter's chain, is almost generally 
used in the British dominions, for measuring the distances re- 
quired in a survey. It is 66 feet, or 4 poles, in length, and is 
divided into 100 links, which are joined by rings. The length 
of each link, together with half the rings connecting it with the 

adjoining links, is consequently ^-ttl of a fi;)ot, or — ^^l s 7 92 

100 100 

inches. At every tenth link from each end is attached a piece 

of brass with notches ; that at the tenth link^as one notch, 

that at the 20th two notches, that at the 30th three, that at the 

40th four, the middle of the chain, or the 50th link being 

marked with a large round piece of brass ; hence, any distance 

on the chain may be readily counted. Part of the first link, at 

each end, is formed into a large ring for the purpose of holding 

it with the hand. 

The chain acquires extension by much use, it should, there^ 

fore, be freqnently examined, and adjusted to the proper length 

by taking out some of the rings between the links : for this 

purpose, chains having three rings between each link are to 

be preferred to those having only two. 

THE OFFSET STAFF. 

The offset staff is used to measure short distances, called 
offsets ; hence its name. It is usually ten links in length, the 
links being numbered thereon with the figs. 1^ 2, 3, &c. It is 
usually pointed with iron at one end, for the purpose of fixing 
it in the ground, as an object for ranging lines^ for marking 
stations, &c< 

THE GROSS. 

The cross is an instrument used by surveyors to erect per-* 
pendiculars. It is usually a round piece of 8ycaiiK)rey box, or 



10 SURVEYING INSTRUMENTS. 

mahogany, about four inches in diameter, with two folding 
sights at right angles to each other, or more commonly with 
two fine grooves sawed at right angles to each other, which 
answer the purpose of sights. It is sometimes fixed on a staff, 
of convenient length for use, pointed with iron at the bottom, 
that it may be fixed firmly in the ground : but it is found more 
commodious in practice to have a small pocket cross, which may 
be readily fitted to the offset-staff, either by an iron spike on 
the cross being inserted in a hole made in the offset-staff, or the 
offset-staff being passed through a hole made in the cross, to 
about the eighth link from the piked end, at which place the 
staff must be shouldered, that the cross may rest firmly. 

DIRECTIONS FOR MEASURING LINES ON THE GROUND. 

Besides the instruments already described, ten arrows must 
be provided, about 12 inches long, pointed at the end, so as to 
be readily pressed into the ground, and turned at the other end, 
so as to form a ring to serve for a handle. 

In using the chain, marks are to be set up at the extremities 
of the line to be measured, as well as at its intermediate points, 
if its extremities cannot be seen from one another, on account 
of hills, woodii hedges, or other obstructions. Two persons 
are then required by the surveyor to perform the measurement 
The chain leader starts with the ten arrows in his left hand, 
and one end of the chain in his right ; while the follower re- 
mains at the starting point, who, looking at the staff or staves, 
that mark the line to be measured, directs the leader to extend 
the chain in the direction of the staff or staves. The leader 
then puts down one of his arrows, and proceeds a second chain's 
length in the same direction, while the follower comes up to the 
arrow first put down. A second arrow being now put down 
by the leader, the first is taken up by the follower ; and the 
daoie operation is repeated till the leader has expended all bis 
arrows. Ten chains, or 1000 links, having now been measured 
and noted in the field book, the follower returns the ten arrows 
to the leader, and the same operation is repeated as often as 
necessary. When the leader arrives at the end of the line, 
the number of arrows in the follower's hand shew the number 
of chains measured since the last exchange of ar- 
rows noted in the field book, and the number of 7000 
links extending from the last arrow to the mark or 600 

staff at the extremity of the line, being also added, 83 

gives the entire measurement of the line. Thus, if 

the anrows have been exchanged seven times, and 7683 
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if the follower hare six arrows, and from the arrow last put 
down to the end of the line be 83 links, the whole measurement 
will be 7683 links, or 76 chains 83 links, which is usually 
written thus — 76*83 chains, the two last figures being decimals 
of a chain. 

In using the chain, care must be taken to stretch it always 
with the same tension, as it will extend by much use, and will 
therefore require to be examined occasionally, and shortened, 
if necessary. But a good chain may be uded several days, on 
tolerably smooth ground, without any material extension. 

The surveyor must mark, or caused to be marked, every 
station on the line, while it is being measured, with a staff or 
cross on the ground, entering its distance in the field book. 

When a survey is made for a finished plan, all remarkable 
objects should be noted down; as buildings, roads, rivers, ponds, 
footpaths, gates, &c. 

The boundary of the estate nieasured ought to be carefully 
observed. If the ditch be outside the boundary fence, it usually 
belongs to the estate, and vice versa ; although this is not uni- 
versally the case ; therefore, inquiry ought to be made with re- 
spect to the real boundary. 

In some places five links from the hedge-podts or roots of the 
quickwood are allowed for the breadth of the ditch, but this 
breadth varies to as far as even ten links, especially in swampy 
countries. 

All ditches and fences must be measured wit^ the fields to 
which they belong, when the full quantity on the plan is re- 
quired : but when the growing crops only are to be measured, 
only so much as is occupied by the crops. 



Instruments for Laying Down or Plotting Sitrvbts. 

the common bra wing compasses, 
This instrument consists of two legs moveable about a joints 
80 that the points at the extremities of the legs may be set at 
any required distance from one another : it is used to transfer 
and measure distances, and to describe arcs and circles. 

THE HAIR COMPASSES. 

The hair compasses ought to be used where greater accuracy 
is required in transferring distances, than can be obtained by 
the set of the joint of the common compasses. In the hair 
compasses the upper part of one of the steel points is formed 
into a bent spring, which) being fastened at one extremity to 
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the leg of the ctKnpaaies almost close up to the joint, is beld ai 
the other «nd by s screw. A groove is formed in the Bhank, 
which raceivea the epriog when screwed up tight; ftnd by 
turning the screw backwardfl the steel point may be gradunllj' 
allowed to be pulled backwarka by the spriog, and may again 
be gradually pi^ed forwards by the screw being turned for- 
wai^. 

Fig. 1, repreeeots theee 
i'ig. t. Fii;. 3. eompasMB when abuti fig. 

^Mk 2, repreecQU tbem open, 

^ with the acrew turned 

Fj'r. 3. backwards, and the ateel 

point p, in conseqaence, 
mored backwards by its 
spring », iiota the por- 
tion represented by the 
dotted lines, which it 
would have when screwed 
tight up. Fig. 3, repre- 
sents a key, of which the 
two points St into the two 
holes seen in the nut n of 
the joint ; and by turning 
this nut the joint is made 
Btiffer or easier at pleasure. 
To take a diilanee with 
,. Aehaircompastes.'—O'pen 

them as nearly as you can 
to the required distance, set the fixed leg on the point from 
which the distance is to be taken, and make the estremity of 
the other leg coincide accurately with the other end of the 
required distance, by tnring the screw. 

KoTK. There are aevtrel other kinds of oompaMes, med for plmnlngi u 
those with moreable poiots, for the Introdaction of black lead pandla or ink 
points, bean «mparaes for taking large diBtaoces, pfopOTticmal compsnM, &c., 
the ises of wMcb are aaiiiy learned. (Bm Seatker'i Trmiu* on Jfof&eawfMii' 
InttnuBtait.) 

PLOTTING SCALES. 

Plotting scales, also called feather-edged scales, are straight 
rulers, usually about 12 inches long;. Each ruler has scales of 
equal parts, decimally divided, placed on its edges, which are 
made sloping, so thai the extremities of the strokes marking 
the divisione lie close to the paper. The primary divisions re- 
present chaiuB, and the subdiviaions ten links eat^, the inter- 
mediate links being detenained by the eye. letting scales 
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may be procured in sets, each with a different number of 
chains to the inch. Thej are nsoally made of ivorj or box, 
and each provided with a small sode called an offset scale for 
laying down the o£&et8. In using these scales, the first diTi- 
sion or zero, on the plotting scale, is placed coincident with the 
beginning c^ the line to be plotted, and so as just to touch that 
line with the feather edge: the end of the o£bet scale is then 
placed in contact with the edge of the plotting scale ; and thus 
the o£^8 maj be expeditioudj pricked off, for which purpose 
an instrument called a pricker is used, but a hard black lead 
pencil with a fine point, is greatly to be preferred, as it does 
QOt i^ure the paper. 

THE PROTBACTOn. 

The instrument represented in the annexed figure, is usually 
supplied with a pocket case of instruments. It is made of 
iFory, 6 inches long and If broad. On the face of the instru- 
ment, round three of its edges, which are feathered, the pro- 
tractor is formed for readily setting off angles. 




In using the protractor, the fourth edge, which is quite plain, 
with the exception of a single stroke in the middle, is to be 
made to coincide with the line, from which the angle is to be 
set ofi^ and the stroke in the middle to coincide with the angular 
point in the line, at which the angle is to be set off; a mark is 
then to be made with a fine pointed black lead pencil, or with 
a pricking point, at the point on the paper which coincides 
with the stroke on the protractor marked with the number of 
degrees in the angle required to be drawn ; and the protractor 
bemg now removed, a straight line is to be drawn from the 
angular point in the given line to the point thus marked off. 
The instrument has, on the same face, two diagonal scales, 
(which are now little used by surveyors,) and on the opposite 
fiace, scales of equal parts, &c. 

The vernier scale and circular protractor, the uses of which 
will be hereafter described, are best adapted to laying down 
extensive surveys^ where great accura<^ is required. 



14 THE FISLO BOOK. 

Planning Suryets. 
In planning or plotting Bunreys, the upper part of the paper 
or book, on which the plan is made, should always, if possible, 
be the north. The chain lines, buildings, fences, &c., ought 
first to be dtawn with a fine black lead pencil : the first should 
then be dotted with ink, and the latter neatly drawn. Great 
care is required in the construction of the plan, when the di* 
mensions are to be measured therefrom with the scale. The 
scale should never be more than three chains to an inch, for 
when the parts of a plan are large, the dimensions may be 
taken with greater accuracy. After having found the con- 
tent of the field or fields, &c., of which any plan consists, it 
may be laid down by any scale to give it a more convenient 
size. 

THE FIELD BOOK. 

The method now generally adopted in setting down field 
notes, and which has long been found to be the best id 
practice, is to begin at the bottom of the page and write 
upwards. 

Each page of the book is usually divided into three columns. 
The middle column is for distances measured on the chain line, 
at which hedges are crossed, or offsets, stations, or other marks 
are made; and in the right and left columns, those ofiTsets, 
marks, and any other necessary observations thereon, must be 
entered, according as they are situated on the right or left of 
the chain line. 

The crossing of roads, rivers, hedges, &c., are, by some sur- 
veyors, shewn in the field book, by lines drawn across the mid- 
dle column at the distances where they are crossed, and by 
others these crossings are shewn by lines drawn on part of the 
right and left hand columns, opposite the distances where they 
are crossed by the chain line ; and buildings, turns of fences, 
corners of fields, to which offsets are taken, are usually shewn 
by lines sketched in a similar situation to the middle column, 
as the fences, buildings, &c^, have to the chain line. Thus a 
representation of the chief objects in the survey may be sketch- 
ed in the field, which will give essential assistance in laying 
down the plan. The stations are usually numbered, for the 
sake of reference, and marked thus 0. The bearing of the first 
main line is usually taken by surveyors, from which the posi* 
tion of the plan with respect to the north is determined. This 
may be done by a common pocket compass, where great accuracy 
is not required : but this will be more fully discussed in treat* 
ing of surveys by the theodolite, further on. 
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B. of 2) and L. of 5, &c., denote that the following 
lines are measured to the right of station 2, and to the left of 
station 5, respectively. 

To SUBVET WITH THE ChAIN AND CsbSS. 

An acre of land is equal to 10 square chains, that is 10 
chains in length and one in breadth, or 1000 links in length 
and 100 in breadth ; an acre, therefore, contains 100,000 square 
links, as per table of square measure below. Hence the con- 
tents in square links are, in the following examples, divided bj 
100,000, or what is the same thing 5 figures to the right are 
cut off for decimals, the figures remaining on the left being 
acres. The decimals are then multiplied by 4 for rods, and 
again by 40 for poles. 

The following tables exhibit the number of chains and links 
in the difierent units of lineal measure, and the number of 
square chains and links in the different units of square mea- 
sure. 



A TABLE OF LINEAB lIEASUBEa 



LiDks. 
25 

100 

1,000 

8,000 



Sq. links. 
625 

10,000 

25,000 

100,000 

64,000,000 



Feet 


YarcU. 


Poles. 






16i 


5* 


1 










ChainB» 




66 


22 


4 


1 


Farlongt. 


660 


200 


40 


10 


1 


5,280 


1,760 


820 


80 


8 



Milei 
1 



A TABLE OF SQUARE MEASURES. 



Sq.Fe6t. 


Sq. Yards. 


Sq. Poles 
or Perches 








272J 
4,356 


30i 

484 


1 
16 


Sq.Chs. 

1 


Rods. 




10,890 


1,210 


40 


2* 


1 


Acres. 


43,560 


4,840 


160 


10 


4 


1 


27,878,400 


3,097,600 


102,400 


6,400 


2,560 


640 



Sq. MUe. 
1 



Problem I. 

SQUARE ANI> RECTANGULAR FItlLDS. 

Square and rectangular fields seldom occur in the practice of 
the surveyor; small plots of ground of these forms, howerer, 
frequently present themselves. 

Fix the cross in a comer of the square or rectftngulftr piece 



i 
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• 

of ground, and if the sides be «t right angles^ tneatnre one of 
them, and enter its length in the field book. This must be re- 
peated at every side and angle; and if all the aisles are found 
to be right and all the sides equal, the piece of ground is 
square; but, if only the opposite sides are equal, it is rect- 
angular. 

to tVXJy THE COKTEKT. 

Rule. Multiply the length by the breadth in links, and the 
product will be the contents in square links, which reduce to 
acres, rods, and poles by the preceding table for square measure, 
as in the following examples. 

If the dimensions be given in yards, divide the product by 
4840 for acres, &c 

EXAMPLES. 

1. What is the area of the square A B C I^ whose side is 

478Unks? 

Here the length and breadth are equal, hence 

47S 
478 



8824 
8346 
1912 

2*28484 

4 

1- 13936 
40 



B 



D 



5*57440 Area 2a, Ir* 5^p, 

2. The length of the rectangular field ABCD, is 2450, and 
its breadth 1226 links; required the plan and area. 

2450 
1226 

14700 ^ 

490 
490 
245 



30-03700 
4 

0*14800 
40 

5*92000 




Area 30a. Or. 6/>. nearly. 
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3. Required the area of a square, in acres, the side of which 
is 132 7«jrds. 

— .^ ■- = 3*6 acres = 3a. 2r. 16p, the area. 
4840 ^ 

4. What is tlie area of a rectangle whose length is 2470 
links, and its breadth 1114 links? 

2470 X 1114 = 27-51580 = 27a. 2r. 2^. the area, 

5. The length of a rectangular field is 324 yards, and its 
breadth 235 what is its content in acres? 

Ans. 15a. 2r. 37/1 

6. What is the area of a rectangular pleasure ground, the 
length of which is 960 and its breadth 125 links? 

Ans. la. Or. 32p. 

Problem II. 
trianoulab fields. 

1 . Let ABC be a triai^le, of which the surrey, plan, and 
content are required. 

Set up poles or marks at the angles A, B, and C, and mea- 
sure from A towards B, and when at or near D, try with the 
cross for the place of the perpendicular C D ; plant the cross, 
and turn it till the marks A ^ 

and B can be seen through 
one of the grooves; then iook 
through the other groove, 
and, if the mark at G can 
be seen through it, tbe<:ross 
is in the right place for the 
perpendicular; if not, move 
the cross backward or for« 
ward till the three marks can be seen as before directed. Sup- 
pose the distance A D to be 625 links, and the whole A B, to 
be 1257 links; return to D, and measure the perpendicular 
D C, which suppose to be 628 links, thus completing the sur- 
vey of the triangle. 

CONSTRUCTION. 

From a scale of equal parts, or plotting scale, lay off the base 
A B, = 1257 links ; on which take A D, = 625 links ; at D 
erect the perpendicular D G, whidbi make := 628 links ; join 
A C, C B, then A B G is the plan of the triangle. 
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TO FIND THE CONTENT. 

Rule. Multiply the base by the perpendicular, and half the 
product will be the area. 

EXAMPLES. 

1. The dimensions being the same as found above, required 
the content. 

Ans. 12^7 X 628 -r 2 s= 3*94698 acres =e 3a. 3r. S2p. 

2. The distance from the beginning of the base to the place 
of the perpendicular is 375 links, the whole base 954, and the 
perpendicular 246; what is the area of the triangle? 

954x246 -r 2 = 1-17342 = la. Or. 27^. the content. 

3. Measuring the base of a triangle the place of the perpen- 
dicular was found at 863 links, and its length 645 ; the whole 
base was 1434 links; required the plan and area. 

Area. 4a. 2r. 20p. 

Pboblem IIL 

fiblps in the fobh of trapeziums. 

Fields in this form are usually divided into two triangles by 
a diagonal, which is a base to both the triangles. 

Let A B C D be a field in the form of a trapezium, the plan 
and area of which is required. 

Measure from A towards C; and let the place of the perpen- 
dicular m B be at 5*52, and its length 3*76, also let the place of 
the perpendicular m D be at 11 *82, and its length 3*44, and the 
length of the whole diagonal AC be 13*91 chains, which com- 
pletes the surrey : but it is usual also to measure the other 
diagonal B D for a proof line, which is found to be 9*56 chains. 

Note I. The constriction of each of the two triangles, forming the trapeziiun, 
is the same as the construction given to the first example in Prob. II. 

Note 2. The longer of the two diagonals should always be selected for the 
base of the two triangles, forming the trapezium, for sometimes the perpendicular 
will not fiUl on. the shorter diagonal, without its being prolonged; and when 
this is the case with both diagonals, one of the sides may be taken for a base, or 
two of the sidea^ if necessary. 

TO FIND THE CONTENT, 

Rule. Multiply the sum of the two perpendiculars by the 
diagonal, and half the product will be the content 

EXAMPLES. 

1. Let the measurement of a trapezium be as above found, 
required the content. 
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?44 
376 

720 
1391 

27820 
9737 

2)1001520 

5-00760 

4 

0-03040 
40 

1-21600 Ans. 5a, Or. Ip, 

2. From the following noted, plan and find the* content of a 
field. 




Perpendiculars 
on left. 


Base or 
Station Line. 


Perpendiculars 
on right. 


B 1278 
Begin 


to C 

3250 
2504 

1272 
at A 


1046 D 
and range West. 



Content. 37a. 3r. 2/?. 
3. Give the plan and area of a field from the following notes. 





AC 




872 


B652 


731 


1 


423 


Begin at 


O A 



545 C 

and range E. 

Area. 5a. Or. S5p, 

ANOTHER METHOD. 

A four*sided field may frequently be surveyed by dividing it 
into two triangles and a trapezoid, by perpendiculars on its 
longest side. 

TO FIND THE CONTENT. 

Rule. Multiply the sum of the two perpendiculars by their 
distance on the base line for the double area. The double areas 
of the two triangles must be found as in Prob. IL, and both be 
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added to the doable srea of the trapezoid; the sum being 
divided by 2, will give the content required. 

EXAMPLES. 

1. Required the survej and area of the following field. 

Measure tho base A B, and put down in the field book the 
distances of P and Q; where the perpendiculars rise^ &c., as 
below. 

Trapezoid PCDQ. 
352 



QDs595 

PCs362 

Perpen. 



to0 D. 

ABsslllO 

AQ=s 745 

AP= 110 

From A go E. 



595 



perp. 



947 ram. 
6S5ssPQ. 



Triangle ACP. Triangle QDE 
352 595 

110 352 



38720 



9975 
3570 
1785 

217175 



4735 
2841 
5682 

6ei345 

88720 

217175 

8)8-57240 




A P 



4-2862 

4 

M448 
40 





Area. 4a. Ir. 5|/). 5*7920 

2. Required the plans and areas of two fields from the fol- 
lowing notes. 



339 D. D513 

461 C. C 683 

W. From 

Problem IV. 

TO SURVEY FIELDS CONTAINED BY MORE THAN FOUR SIDES. 

Fields or pbts of ground hounded hj more than four sides, 
may he surveyed hj dividing them into trapeziums and tri- 
angles. — ^Thus, a field of five sides may he divided into a trape- 
zium and a triangle; of six sides, into two trapeziums; of seven 
aides into two trapeziums and a triangle; &c. 

TO FIND THE CONTENT. 

BuLE. By the two last Problems, find the double areas of 
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each trapeziinn and triangle in the field; add all the double 
areas together, and half their snm will be the eontent. 

BXAHPLE8. 

1. Lay down a field and find its area from the following 
dimensions. 





to ©D 






520 




T 


288 


80 E 


G120 


206 


o 




Go to F. 






to G 






440 




D230 


152 


q 




L. of C. 






to C 






550 




B180 


410 


n 


m 


135 


130 G 


Bc^in 


at A 


range E 




CONSTBOCTIOK. 

Hie abore MA is dirided into trapezinms ABCG, GDEF 
and the triangle G C D. — Draw the diagonal A C, which make 
s= 550 links; at 135 and 410 set off the perpendiculars mGr rs. 
130, and nB = 180 links respeetiveFir; join AB, BC, CG, and 
GA, and the first trapezium will be completed. Then on C G, 
lay off C g' = 152, and draw the perpendicular ^ D = 230 ; 
join CD, DG, and the triangle is completed. Lastly, with cen- 
tre G and radius o G = 120 describe an arc; and with centre 
p and radius oD = 314(=:520 — 206) describe another arc, 
intersecting the former in o : through o draw the diagonal D F 
= 520 links, upon which, at 288 links, draw the perpendicukr 
r E ; join D £, £ F, F G, and the figure will be completed. 



130 
180 


440 
230 


120 
80 

200 
520 


Doable areas. 

170500 trap. ABC6. 
101200 tri. CDG. 
104000 tnip. D£f 6. 


310 
550 


13200 
88 




2)3-76700 
1«87850 = la, 3r. V)lp 


15500 
1550 


101200 


104000 



170500 
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2. Beqnired the plans and areas of two fields from the fol< 
lowing dimensions. 



First Field. 





to A 




504 


£98 


233 


Return 


to 0B 


4 


to D 




673 


C207 


472 




427 


Begin 


at A 



Base. 



Diag. 

268 B. 
range W. 



Area la. 3r. 15p. 



Second Field. 





to F 




970 




520 


E290 


413 




R.of0D 




to D 




744 


C161 


386 




303 


Begin 


at A 



Diag. 
181 B. 



Diag. 

333 B. 
range W. 



Area 4a. Or. 9^^. 



ANOTHER METHOD. 

A small piece of land, having several sides, may sometimes 
be most conveniently measured by taking one diagonal, and 
upon it erecting perpendiculars to all the angles on each side of 
it. The piece will thus be divided into right angled triangles 
and trapezoids, the areas of which must be calculated as in the 
two last Problems. 

EXAMPLES. 

1. Required the plan and area of a field from the following 
notes. 





to G 




1020 


F470 


890 


e 


610 


D320 


585 


C70 


440 


b 


315 


Begin 


at A 



/ 

50 E. 
d 
c 

350 B 
goE. 




b-^^o 



NoTB. The method of planning the above field is snfficiently dear, iVt>m the 
preceding field-notes and from what has been already done. 



Triangle A C c. 

Ac =440 
Cc=z 70 



WITH THE CHAIN AND CROSS. 

Trape. CedD,\ Trape. D dfF. 
Ddr= 320,Dc/= 320 
C c = 70 F/ = 470 



30800 sum = 390 sum = 790 
c (/ = 145 c /• = 395 



13050 
435 



56550 



3950 
2370 



240950 



28 

TrlF/G. I TriAftB. 
/G = 130 'Aft =315 
F/ = 470Bft = 350 



9100 
52 



61100 



15750 
.945 

J 10250 



Trapezoid BbeE. 
Bft = 350 
Ec = 50 



sum 
be 



= 400 
= 295 

118000 



Triangle E c G. 
Ge = 410 
Ee = 50 

20500 



Double areas. 

30800 

66550 
240950 

61100 
110250 
118300 

20500 



2)638150 
3-19075 



2. Lay down two pieces of 
from the following dimensions. 

First piece. 





to R 




o 


3401 





1579 


2930 


% 


h 


2736 


730 H 


9 


2110 


762 ft 


F28ii 


1972 


f 


e 


1588 


436 E 


d 


1030 


740 D 


C500 


888 


c 


b 


300 


550 B 


o 


000 





Begin 


at 0A 


goE. 


An 


ea. 30a. 3 


r. 6p. 



= 3a. 


Or. 30ip. 


Area. 


ground, and find their areas, 


Second piece. 


 


to 0L 




M920 


4300 





k 


3340 


590 E 


1790 


3060 


• 

t 


h 


2690 


320 H 


G1340 


2550 


9 


F800 


1760 


f 


e 


1560 


540 E 


d 


•930 


300 D 


C910 


610 


c 





000 


600B 


Begin 


at A 


goW. 



Area. 53a. 2r. Z\p. 
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Problem V. 



FIELDS INCLUDED BT ANT KUUBEB OF CROOKED OR CUBYED 

SIDES. 

When a field or estate is bounded by crooked fences, a line 
must be measured as near to each of them, as the angles or 
bends will admit; in doing which an offset must be taken to 
each comer or bend in the fence. When the fences are curved, 
these offsets must be taken so as neither to exclude nor include 
anj of the land belonging to the ground to be measured. The 
offsets or perpendiculars thus erected, will divide the whole 
ofiet space into right angled triangles and trapezoids, the areas 
of which may be found as already shewn. 

NoTB L Whm the offiMta are short, that is, not greatly exceeding a chain 
in lengtbt their pbces on the Hne maj be found by laying the oiEset staff at 
right angles to the chain, as nearly as can be judged by the eye; hot when the 
offsets are large, and correctness is reqaired» their places mast be fonod by the 
cross, and rneasnred by the chain. 

Note 2. The qnickest method of laying down offsets, is. by laying the 
feather edge of the plotting scale against the bsse or chain luie, and sliding 
the ofiet scale along the ftather edge to the sevonl distances of the offsets and 
pricking off their lengths, corresponding to their several distances. 

NoTB 8. Unskilful surveyors usually add all the offsets taken on one line 
together and divide the sum by their number for a mean breadth ; bat thia 
method is very erroneous, espeeially where the offsets vary greatly in length, 
and should tha«fore be avoided where great accuracy is required. 

EXAMPLES. 

L Required the plan and content of a right-lined piece of 
ground by offsets, from the following notes. 




o 

n91 

fn57 

ISS 

A 70 

t84 

A 62 

o 
Begin 







to 0B 




955 




785 


h 


634 


9 


510 


f 


340 


€ 


220 


d 


45 


e 


00 


at A ! 

1 


range E. 
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kc 


= 45 


ck 


= 62 




90 




270 




2790 



eh 
di 



62 

84 



C d :=i 



146 
175 



730 
1022 
146 

25550 



eft =: 84 
ek =z 70 



154 
de = 120 



e k ^ 
fl = 



70 

88 



158 
170 



y m =1 57 
h'n =: 91 



148 

gh' = 151 



148 
740 
149 

22348 



A' B = 170 
A' » = 91 



170 
1530 

15470 



18400 11060 
158 



26860 



Double areas, 
2790 
25550 
18480 
26860 
17980 
22348 
15470 



gm =z 



25 

88 
57 



f9 = 



145 
124 



580 
290 
145 

17980 



2)1-29478 






0-64739 = Oa. 2r. 2Sp. 



Calculation hy the erroneotcs method (See Note 3). 



00 
62 
84 
70 
88 
57 
91 
00 



955 == A B. 
56^ = mean breadth. 



5730 

4775 
477 



8)452 



0-53957 = Oa. 2r, 6p. Content by this method, which 
is n perches too little. For this method is al- 
ways erroneous except when the offsets stand 
at equal distances from one another, and 
when the first and last offsets are both 0. 
Some omit all the offset that are 0, dividing the sum of the 
ofifsets bj the number of real offsets; by this method we shall have 

6)452 955 

75j 



56i 



75i 



4775 
6685 
318 



071947 = Oa. 2r, 34/)., which is 11 poles too much. 

2 
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2. To lay down a crooked piece of land» adjoining a river 
from the following notes. 






to0 F 


197 


720 


163 


600 


226 


600 


139 


850 


80 


200 


74 


100 





000 


Begin 


atQA 



[E. 
range 



The content is found bj the same method as in the preced- 
ing example. 
8. Plan and find the area of a field from the sabjoined notes. 






to © B 




743 


C382 


290 


From 


A 





toQA 







480 




37 


350 




28 


160 







000 
L.of0C 






to0C 






585 







450 


57 




320 


40 




200 


72 




100 


47 




000 







L.of0B 





p ^ 

goE. 



Having found the area of the triangle AB C, tho areas of the 
offiiets on the line B C must be added thereto, and the sum of 
the areas of the imeii on Uie line CA must be substractod from 
the sum, and the remainder will be the content of the field. 

Note. The area of the triangle ABC may be found, when the measurement 
of aU three sides are given, (which is the case in the present example,) either 
by calculation, as shall hereafter be shewn, or by measuring the perpendicular 
firom the plan, which, as ahneady shewn, may be laid down from the three sides 
of the main triangle. 

4. The notes, plan, and content of the following fidd, the 
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linea for the measurement of which are sketched oat as below, 
are required. 




Here the double area of the trapezium A B C D is found, as 
in Problem III, to which the double areas of the several offsets 
on the lines A B, B C, C D, D A must be added, and the sum 
will be the double area of the whole. 

KcvTB. A proof line, as A C should be measured, that the aoenracj of the 
work may be insured : — ^but often pieces of ground are measured with the chain 
and cross that are never laid down, in this case great care should be taken in 
entering the field-notes, and in making the calculation. 

5. Required the plan and areaof a field from the following notes. 





To fence. 


80 


2024 


84 


1900 


108 


1200 


66 


800 


S4 


520 


60 


300 


130 


000 


From 


o c 




To fence. 


50 


1230 


70 


1100 


60 


800 


20 


480 


44 


300 


90 


000 


Fronn 


O B 




To fence. 


66 


2 ISO 


90 


2090 


119 


1600 


80 


1000 


96 


600 


60 


000 


Bigia 


at0A 



to0D 



goE. 



to0O 





to© C 




2310 


B990 


1810 




720 


From 


O A 




To fence. 


96 


1320 


106 


1260 


80 


1000 


50 


760 


100 


400 


124 


000 


From 


D 



diag. 

1040 D. 
goN.W. 



to0 A. 



goa 



goN. 



to0B 



Double areas. 

4689300 Trap. AB CD 
392220 \ t' A B 



325016 r^^*** 
230280] 



on 



I AJS 
JBC 
iOD 

Ida 



2)57-73736 



goW. 



28*86868 ass 28a. Sr. 19p. 
The whole 
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Note. The field in this caee has also four sides, like the one proposed to be 
measured in the last example. Fields of this kind are often required to he 
measured in the rural districts, to ascertain the quantity of a growing crop, as 
grain, hay, turnips, &&, when sold by the acre ; also to find the quantity of 
reaping, mowing, planting, &c. ; in these cases the plan is seldom or never re- 
quired, and the measurement is only taken as far as the growing crop extends, 
leaving out the hedges, ditches, and all other waste or other ground, not occu- 
pied by the crop in question. 

6. Give the plan and area of a field from the following 
notes. 



O 

148 
50 
112 
O 





to 0A 





1134 


64 


916 


134 


728 


4S 


470 


86 


245 





000 




R.of0D 




to D 





2236 


258+ 


930 


160 + 60 


620 


130 


400 


84 


200 





000 




R. of C 




to C 




1168 


E595 


656 




R. of O B 




to B 





2346 


70 


2000 


88 


1800 


156 


1500 


92 


1200 


170 


800 


84 


400 





000 


From 


A 



diag. 





to B 




884 




690 




512 




230 




000 




L. of E 




to E 





774 


86 


592 


118 


400 


72 


200 





000 




L. of C 




to C 




2588 


B1060 


2100 




2000 




1000 




580 




R.of0A 



diag. 



970 D 



go W. 
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Double areas. 
6253640 Trapezium A B C D 
684448 Triangle B E C 
445604 'J 
249580 f ^ ^ 
149304f ^^^^^^DA 
135400) 
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6917976 
107220 Insets on C £ to be subtracted, 



2)68-10756 



34-05378 = 34a. Or. 8^. Area. 




A B C D E F G 



Problem VI. 

TO FIND THE AREA OF A SEGMENT OF A CIRCLE, OR ANY 
OTHER CURVELINEAL FIGURE BY EQUIDISTANT OFFSETS OR 
ORDINATES. 

Rule. If a right line A G be divided 
into any number of equal parts, AB, BC, 
CD, 8cc., and at the points of division per- 
pendiculars be erected, Aa, B^, Cc, &c., 
to the curve abed efg ; then to the 
sum of the first and last oifsets, add four 
times the snm of all the even offsets, and 
twice the sum of all the odd oifsets, not including the first and 
last ; multiply the sum by the common distance of the offsets, 
and one-third of the product will be the area, recollecting that 
the second, fourth, &c., are the even ofisets, and the third, fifth, 
&c., are the odd ofisets. 

Note. If any portion of the figure is not included by an even number of 
offsete, its area must be found separately and added to the area found by the 
Rule. 

EXAMPLES. 

1. Required the plan and area of a piece of land measured by 
equidistant ofisets or ordinates, from the following dimensions. 
(See last figure.) 



80 





 




to0G 


^450 


600 


/442 


500 


430 


400 


(1406 


300 


cS76 


200 


6 306 


100 


a212 


000 


From 


© A 
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First and last offsets. Odd oflbefts. 



3rd. 
Ist. ss:212s=Aa. Sth. 
Laft8 450=sGy. 

662 mm, 
Even offsets. 
2nd. B= 306 = B & 
4th. sBs 406 as DdL 



G 
F 

£ 
D 

B 
A 
joE. 6th. s= 442 s= F/ 

1154 sum. 

4 
— [sam. 
4616 qosdruple 



376 = Ca 
430s=£«. 

806 BliiiL 
2 



1612 twice 
4616 
662 



6890 sum total 
100 com. distance. 



8)6*89000 



Area. 2a. Ir. 7ip. se 2 29666 

2. Required the plan and area of a piece of land, measared 
by equidistant offsets, the dimensions being as given bebw. 

175 First and last ofbets. 
2238 Four times even oflsets. 
933 Twice odd oflbets. 

8346 sum totaL 

100 oommoo distiBce. 



toQB 




1071 


35 


1000 


48id 


900 


69i 


800 


37* 


700 


103 


600 


115 


500 


124 


400 


130 


300 


132 


200 


134 


100 


131 


000 


126*5 


© A 


goW. 



8)3-34603 



1*11538 Area Aa (75. 
2864Trap. aBedL 



1-14397 =s la. Or. 23p. Area. 

From ©A go Wl Here the area of the trapezoid aBed la found 

separately and added, agreeaUe to the preceding 
note. 

8. Plan and find the area of a pieoe of ground from the 
equidistant offsets given below. 



90 Here the piece of ground is curved 
96 on two sidesy the base line A B pass- 

91 ing nearly in the middle space be^ 
82 tween the two curves ; in this case 
69 the sum of the oifsets on each side of 
43 every distance must be considered as 
24 one offiet^ in finding the area. 

goK 
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600 


126 


500 


130 


400 


121 


300 


110 


200 


93 


100 


70 


000 


Fioiu 


©A 



f. ii»« I yr ■»^sv»; 
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4. Beqnired the areas of two fields, the ends 
straight and parallel, and the side cnrred by 1 
eqnidistaat o&ets. 



200 

240 

256 

255 

260 

259 

250 

229 

202 

180 

144 

95 

50 

goN. 
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150 


1100 


116 


1000 
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900 


77 


800 


65 


700 


67 


600 


80 


500 


100 


400 


120 


SOO 


160 


200 


202 


100 


277 
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From 


©A 
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to 


210 


]( 


180 


K 


150 
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120 


( 
i 


93 


t 


96 


1 


95 


1 


180 


i 


184 


i 
i 


240 




815 




890 




From 


6 



Area 8a. 3r. 35p. 



Area 2 



Problem VIL 




Pi 



TO HEASUBB A LINE ACROSS A WIDE 

Let the annexed figure be a river, which 
is required to be crossed by the chain line 
P B. Fix, or cause to be fixed, a pole or 
mark at B, at or near the margin of the 
river, in the line to be measured ; erect 
the perpendicular AD, measuring AC 
and CD of any equal lengths; at D erect 
the perpendicular D E; on arriving at E, 
in the direction B C, the distance D E 
will be equal to AB, the required breadth 
of the river. 

From the arrangement of the lines in the figure 

that the triangles C A B, C D E are equiangular, i 

was made = C D, the triangles are equal in all 

consequently A B = D E. 

NoTB. A soiBcicint detail of metbods of snireyiDg bj tbe 
tHiich, though not mach used by experienced sorveyors, is a s 
and its aae readily understood by students. This method is, t 
introduction to the higher branches of surveying ; besides, J 
TiUages, ftc, ibw surveyors use the more ^pensive instrumen 
cross bcdng found quite sufficient to meissure the quantities < 
ttd otiier such small surveys as may be there requked. 
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CHAPTER m. 

LAND SURVEYING BY THE CHAIN ONLY. 

This method of surveTing has long been adopted hy ex- 
perienced surveyors ; who have found it, in general, more 
accurate and expeditious, as well as better adapted to laying 
down extensive surveys, especially where no serious obstructions 
from woodlands, water, buildings, &c., exist ; the use of the 
cross, in this method, being entirely excluded by some sur- 
veyors, and by others only used for secondary purposes, as for 
taking occasionally long offsets, or for squaring of lines ob- 
structed by buildings, water, &c. Instead of ibe cross some 
use the Optical Square for these purposes ; which will be here- 
after described ; while some erect perpendiculars with the chain 
only, as shall be shewn in the following Preliminary Problems. 
The fundamental lines of surveys of this kind usually form a 
large triangle, or several triangles, abutting from one common 
base, which ought, if possible, to extend throughout the whole 
length of the survey. The sides of the triangle, or triangles, 
must run as near as possible to the external and internal fences 
of the estate, or district, to be surveyed ; the sides of each 
triangle being connected by one or more lines, running any- 
where within the triangle, to determine the accuracy of the 
work. These lines are called proof or tie-lines; and where the 
estate to be surveyed contains a great number of inclosures, 
the proof-lines may almost always be found available in deter- 
mining the positions of some of these inclosures. Where a 
great number of lines run within the main triangle, they are 
called secondary lines, and' are usually numbered for the sake of 
reference. Some surveyors number the stations, or extremities 
of the lines; but the former method is here recommended. In 
small surveys, for preliminary instructions, the numbering of 
the lines is unnecessary, the stations being referred to by the 
letters of the alphabet, as already done in Chap. IL 

PRELIMINARY PROBLEMS. 
Problem I. 

TO ERECT A PERPENDICULAR WITH THE CHAIN. 

Let a B be a chain-line, and A B the extended chain. It is 
required to erect a perpendicular to a B at B. Fix the end of 
the chain to the ground with an arrow at B ; fix also the 80tb 
link of the chain, reckoning from B, at m, 40 links from B; 80 
links of the chain now lying slack between B and m. Take 
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hold of the 30th link 

of the chain from B, 

and extend it till it 

take the position Bnm^ . 

the pbrtions 'Bn^mn 

of the chain being . « 

palled tight; then — — « • •• 

shall Bn be perpen- 
dicular* to the chain-line a B, and may be extended to any 
length required. 

This method of erecting a perpendicular, though not so ex- 
peditious as that by the cross or optical square, is quite sufficient 
for those surveyors, who scarcely once require a perpendicular 
in their operations for weeks together; thus avoiding the in- 
convenience of daily carr3ring a cross, or other such like instru- 
ment for this purpose. 

PROBLElf II. 
TO MEASURE A LINE IMPEDED BY AN OBJECT NOT OBSTRUCTINa 

THE SIGHT. 

Let A B be a chain-line, the direct 
measurement of which is prevented by 
the unforeseen obstruction of the pond 
P. Measure An till it reach to, or 
near to, the edge of the pond, as to n, 
and fasten the ends of the chain to the 
ground vdtb arrows at m and n, the 

distance m n being made half a chain or 50 links. Take hold 
of the middle of the chain, and extend it firmly, till its two 
halves rest in th^ positions mo, on\ thus making an equilateral 
triangle mno, each side of which is 50 links. In the direction 
mo, measure to nearly opposite the middle of the pond, as to q. 
Again, make p q equal 50 links, fasten the ends of the chain at 
p and qy and extend its middle point to r, as before. In the 
direction q r, measure to «, till qs hQ equal to mq. Then s 
will be in the line AB, and ms^ will be equal to mq or qs^ 
which being added to A m will give the distance A s. Offsets 
being taken to the margin of the pond, during the measure- 

* Since the parts Bn, nm of the chain are together 80 links, of which Bn is 
30, the remainder n m is therefore 50 ; also B m was made 40 ; whence 
402 + 30« = 50«, that is ot B« -f- Bn« = m n«, therefore by Eua I. 47, Bn is 
perpendicnlar toBm,ormBnisa right angle. 

t Because the triangles mno,pqry are both equilateral, the angles at m and 
q_ are each 60° or one-third a right angle ; whence by Theorem lY. the angle at 
I is also 60<* ; therefore all angles of the triangle, and consequently its sides, are 
equal, that i8.o^ = 25:=m« 
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ment of the line m^, qSf and proper notes of the operation 
made in the field-book, the measurement from sto B may be 
continued. 

Problem IIL 

to hba8x7bb a ukb ihpeded bt an objbot obstbuotiirg 

the sight, as a building. 
Let A B be a chain-line, the measurement of which is pre- 
vented by the building B. At m, four or five chains from the 
building, take a perpendicular muj of such a length that the line 

n s may clear the building 
B. At or near the build- 
ing take another perpen- 
dicular pq^ exactly equal to 
m n, (these perpendiculars 
ought to be measured with 
the chain or a tape-line, if longer than the ofset-stafi^) and 
poles being put up, correctly vertical, at n and q^ measure 
qsu in the direction n g of the poles, taking offsets to the 
building till it be cleared at s. Now on the line qu, at the dis- 
tance s Uf at or about equal to mp^ erect the perpendiculars s r, 
ut^ each exactly equal to mn or pq, fixing poles, correctly ver- 
tical, at r and t These poles are evidently in the true direction 
A B, and the measurement of the line may now be continued 
from r to B, after adding the distance q s (which is equal to 
p r) to Ap. 

If the building, or other object, only protrude a few links 
over the line, the perpendiculars mn^ pq, sr, &c., may be 
erected by the ofiset-staif, as nearly correct as can be judged by 
the eye, and the results will be sufficiently accurate. 

Note 1. When an object, as a pond or pit, qot obstnicting the aigbt, pio- 
trudes only a short distance over the line (see last fignre) ; it will be sufficient 
to erect only the two equal perpendiculars pq, rs near its margin,- with the 
offset-staff, as correctly as can be judged with the eye, and the distance qSf 
being measured, and added to Ap, will give the distance A r. 

Note 2. Some unskilful surveyors square off the line, as they call it, when 
it is obstructed by a building, or other object, that impedes the sight, in the 
following manner. On arriving at or near the obstruction, as at ji, a perpen- 
dicular |) q is erected to Ap, another qais erected to pq; a third s r, equal to 
p 7, is erected to gt; and lastly a fourth perpendicular r B to r «. Though this 
last perpendicular is theoretically in the line A B, the student will at once per- 
ceive that when so many as four perpendiculars are taken, one upon another, at 
a very short distance from one another, that slight inaccuracies in the observa- 
tions, as well as in the perpendicularity of the poles, placed at p, q, «, will have sn 
almost unavoidable tendency to derange the accuracy of the work ; since a small 
error, made at the beginning, multiplies as the operation proceeds. But by tbe 
method given in this Problem, the two perpendiculars on each side of the ob- 
stractioD, are pUced so for apart, that a alight deviation in the pexpeadicularitr 



I^ITD BtniTXTINa BT TBI OHAIir OlfXT. 86 

gf the polw comot nutwldlr kfftet tlw aeeanej ill tin woik, wUh  (Utht 

CRor in erecting tha perpendknlin, provided their lengtb* be made exMtlj 
eqoil. irill no affect tfaa work in the aligbtest d^ree. If, therefore ordinuy 
care b« taken, tlie ctuuEv of arm ii alnioat impoa^le. 
Problem IV. 

TO nilD THB WIDTH OF A B17EB, -WHICH IB TOO WIDB TO 
BE BKA.CHED ACB08B BY THE CHAIN. 

Let A B be tlie chain line crossing a rirer, 
situated between o and p, a mark being fixed 
atp, on A B lay off n, nm, each equal 50 
lin^s, and with the ends of the chain suc- 
cessively fixed at o, N, and at m, m, lay down 
the equilateral triangles ogn, nrm, as in 
Problem II., poles being fixed at n, g, and r. 
In the two directions p ;, « r, fix a pole at t, 
and measnre the distance rt accurately with 
a tape line to one-eighth of a link. Then by 
the ■■■"'In' trianglefl ' r o, o op, we shall have 

*■* : gr :: oq : op. 
But gr^og^on= 50 link, therefore, 

o «» fiO» 2500 
rg ton tioniop =-^ ^ — as ' ' • 

' T » T I T I 

.Whence the distance op becomes known. 

For those who do not nodersland a rale, when symbolically 
expressed, we give, in words at leogtli, the following. 

Rule. Divide 2500 by the distance r», and the quotient 
will be the breadth of the rirer, or the Stance op, which 
must be added to Ao to give the distance Ajr. 
examples. 

1. Required the breadth of a riyer by this method, when r* 



2. When rt measures 13^ links, required the breadth of the 
riyer. 

Here 2500 -M3i = ^^^|i^ == i~ = 190i links neariy. 
Fboblem V. 

TBUMQULAB FIELDS. 

When a triangular field, or piece of ground in that shape, is 
to be Burreyed, set up poles or marks at each comer, and mea- 
rare each side, leaving marks in at least two of the lines, and 
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entering their distances in the field*book ; then measure tbe 
distance between the two marks for a proof-line : — or, one 
mark only maj be left in one of the lines, which maj be con- 
nected with its opposite angle for a proof-line. 

EXAMPLES. 

1. Required the construction and area of a field from the fol- 
lowing dimensions. 

C 




m 



B 





to n 




Proof 


384 


line. 


From 


m 






to A 






1244 




n 


700 
L. 0C 






to C 






852 






L. 0B 






to 0B 






1338 






1000 




m 


600 




From 


A 


rano^e E. 



When the triangle A B C is 
constructed, the proof-line m n 
will be found to measure 384 
links, shewing that there has 
been no error in the work : 
also the perpendicular CD will 
be found to be 770 links ; 
whence the area of the triangle 
= 1338 X 770 -^ 2 = 5-15130 
= 5a. Or. 24p. the area. 

Note. If the proof line measured from tbe plan, does not exactly, or very 
nearly, agree "with that measured in the field, some error has been made* and 
the work must be repeated. 

TO FIND THE ABEA OF A TBIAMGLE FIU)M THE THREE SIDES. 

Rule. From half the sum of the three sides subtract each 
side severally and reserve the three remainders ; multiply the 
half sum continually by the three remainders, and the square 
root of the product will be the area. 

Note. By this rule the area of a triangle may be found without laying it 
down, or finding the perpendicular. 

Adopting the preceding example, we have by the rule, 

1338 + 852 + 1244 _,^ ... ^^ ^ 

— = 1717 = half sum of the three sides. 

Then 1717 — 1338 = 379 = 1st remainder; 1717 — 852 = 
865 = 2nd remainder; 1717 — 1244 = 473 = 3rd remainder; 
whence V(1717 x 379 x 865 x 473) = 5-15022 = 6a. Or. 24p. 
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the same as the area already found by measuring the perpen- 
dicular from the plan. 

NoTB. This method of finding the areas of triangles is veiy little nsed in 
practice, on acoount of its requiring a tedious calculation, which may, however, 
be more readily performed by logarithms, as shall hereafter be shewn. 

2. It is required to lay down a survey and find its content 
from the following field-notes. 

C 





to0 A 






2504 







2000 


74 


>)l» 
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351 to fi. 




1650 


137 




1430 


90 




1220 


144 
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000 
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80 
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98 
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000 
L. 0B 






to0B 






1946 







1490 


96 




1200 


152 




1000 


112 


0» 


600 






520 


50 




000 




^lom 


A 


goN. E. 




Having drawn the figure, the proof line m n will be found 
to measure 351 links, as in the field-notes; and the perpendi- 
cular B 6 to be 1056 links. 
Double areas. 
2644224 THangle ABC 
655676 Offsets on A B and A C 



8299900 Sum 
200616 Insets on B C 



2)3099284 Difference 
15*49642 c= 15a. 2r. Op. nearly, the area required. 



i 
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OOXPUTATIOir or TBB abba by GASTIHa, THAT 18, BT 
DUdNG THE OBOOKED SIDES TO STRAIGHT ONES. 

The, offsets in the hist example have been computed, in man- 
ner already shewn in Chap, L; but bj this method straight lines 
are drawn on the plotted figure so as to include as much space 
in the area to be measured, as thej exclude, as nearly as can be 
judged by the eye, the area to be measured is thus reduced to 
a ^ure bounded by right lines only, which may thence be 
much more expeditiously reduced to triangles, trapeziums, &c 
The method of drawing these lines is usually by a straight ^ged 
ruler of transparent horn, or by a silken thread stretched with 
a bow; the ruler or thread being moved over the crooked fence, 
till it appear to the eye to enclose as much of the adjoining 
ground as is left out, a line is then drawn in this position ; and 
so on for other crooked fences. Thus the trouble of calculating 
numerous o£&ets is completely avoided, and with proper care 
equal accuracy is obtained. 

2. We shall adopt the last ex- 
ample for this method of casting, 
that it may be seen how near the 
two methods agree. 

The figure being constructed, 
and the boundary drawn care- 
fully with ink, the chain-lines 
must then be rubbed out, and the 
«hree dotted lines A B, B C, C A 
must now be drawn, in such a 
manner, that the parts excluded 
by them may be equal to the parts 
included, as nearly as can be 
judged by the eye. The base 
A C will be found to be 2584 
links, and the perpendicular B b 
= 1200 links. Whence 

2584X1200 ,er/.-.wv «e » « 

^ ss 1 5*50400 as 15a. 2r. Ip, 

nearly, the area hy this method. 
If the area found by the true 

method be taken from the area, 
just found by casting, it will be seen that they 
differ by little more than one pole out of 25^ 
acres, or little more than I in 4000 : thus 

15 50400 
15-49642 

* * 758 •q:osre liaks, or little more tiuui one poki 



— /-^B 
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Noxs. It will hence be seen at once that a great deal of troable is nmd by 
this method, which is therefore generally adopted by practical a un r e yora; 
althoogh it is certainly less correct than by calculating from the o€heta» the 
former method depending chiefly on the accuracy of the casting lines for the 
truth of its restilts ; but practice will soon render it easy to draw the lines so 
as to obtain almost perfect accuracy. 

3. Required the plans and contents of two fields by both the 
methods of calculation, Tiz., offsets and by castings, from the 
following field-notes. 



Proof line. 





To0B 




1151 


rrom 


© D 




to0 A 




2640 




1200 
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83 
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© A 



©D 
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Content 18a. Br. 83p. 
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92 


000 
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1510 


©B 
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© A 


goE. 



Content 17a. 2r. 27ijp. 
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Non. It will b« seen that in the main triangles of these two snireys, the 
proof lines have been taken ftom a side of each to its opposite angle; which is 
the best method of prooft when convenient to make it ; but it may be performed 
with equal aocnracy by taking a proof line from one side to another, at a short 
distance from one of the angles of the triangle. 

Pkoblem VI. 

FOUR SIDED FIELDS. 

When a field has four sides, straight or crooked, measure the 
four sides, or lines near them, if crooked, taking the offsets : 
also measure one or both the diagonals, one of which will serve 
as a base in plotting the work, and the other for a proof-line ; 
or the proof-lind may be measured in any other direction that 
may be most convenient. 

Sometimes the measurement of both the diagonals is pre- 
Tented by obstructions, in such cases it will be sufiicient to 
measure tie-lines across two of the angles of the trapezium, at 
the distance of from two to five chains from each angle, ac- 
cording to the size of the field. These tie-lines with their dis- 
tances from the angles on the main-lines will be found sufficient 
for planning the lines and proving them. 

EXAMPLES. 

1. In the annexed figure the 
lines AB, B C, CD, DA are 
measured, marks being left at p, 
q^ and r, and their respective 
distances on the lines noted in 
the field-book, thus furnishing 
the following method of la3ring 
down the plan. 

On A B, as a base, take Ap 
= given distance, and with the 
distances Ar, pr^ and centres 
A and p describe arcs cutting in 
r; then prolong Ar, and lay off 
^ thereon the given length A D. 
In the same manner construct 
the triangle pT^q» and m^ke B C = its given length. Lastly, 
join D C, which must be of the length shewn in the field-book, 
otherwise there has been some mistake either in the measure- 
ment, or in laying it down. Should this be the case the whole 
of the work, firstly on the plan, and secondly in tha field, must 
be gone over again till the error be discovered. 
NoTB. When the main lines that include the chief part of the ground to be 
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measured are of considerable length, as from 30 to 40 chains, it will be neces- 
sary to take the tie-lines at least 10 chains from the angles, across which they 
are measured; for a small error, in laying down the plan with short tie-lines, 
will cause the main lines to deviate considerably from their true position when 
prolonged. However, it sometimes happens that long tie-lines cannot be ob- 
tained in consequence of obstructions. In such cases the tie-line must be care- 
fully measured to even one-fourth of a link; the distance of each tie-line from 
its angle and the tie-line itself must then be all multiplied by 4, thus throwing 
fractions out of the question, and with the three lines, thus increased, the 
triangle determining tiie position of an angle of the trapezium, may be accu- 
rately constructed. The proof-line and its distances from its angle must be 
similarly treated, that the accuracy of the work may be fully established. 

2. Required the plan and area of a straight-sided field from 
the foliowing dimensions. 



To » 481 1 
Proof-line. ./ 



To B 833 ) 

Proof-line . . J 



n 

From 



m 



r 



go North. 



When the figure has heen laid down, the diagonal A C will 
be found = 1926, and the perpendiculars thereon from B and 
D respectively = 632 and 514 links. Whence the area is 
11a. Or. 5|/>. 

3. Draw the plans, and find the contents of two enclosures, 
from the following field-notes, both by calculation from the off- 
sets and by casting. 

Note. In each of the two following examples, it will be seen that there are 
two straight sides, and two that require offsets : also, in the former example, 
one of the crooked sides is crossed by the chain-line, thus producing insets, the 
content corresponding to which must be subtracted, as in former cases. 
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FIELDS HAYINa HOBB THAK FOUB SIDES. 

Various methods will suggest themselTes to the sarreyor for 
taking lines to lay down a field that requires more than four 
main lines to take its boundary. The method of dividing such 
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fields into trapezinms and triangles is, in most cases» diQuitous* 
and displays Uttle skill on the part of the SQirejor, especially 
where all the sides are crooked, and where a pliui is required* 
A few methods of snrTeying fields of tlus kind will, therefore» 
be presented to direct the student ; altboogh their varietj of 
shape is so endless, that no general role can be given for laying 
out lines <m the ground, that shall give an incontestably aocar« 
ate plan. To tie every angle in succession, though true in 
principle, is by no means a safe method, espedally where there 
are a great number of angles to be tied, as an error in one of 
the tie-lines will derange the whole of the work, without afford- 
ing the means of detecting where the error lies. 

Non. The followlDg examples of eoiyeys of this kind ooeoned in part of 
the aathoPs extensiYe pinctice^ as a enrveyor of parishes, under the Tithe* 
Commiadonen. The student is recommended to sketch the fbllowing specimens 
on a laige scaler and find their contents by the nsnal methods. 

EXAMPLES. 

1. Here a field of 
five sides is surveyed 
by the same number 
of lines, viz. AB, BC, 
CD, Dm, and Ai9, the 
last two intersecting 
in £. These lines 
evidently omstitute a 
decisive proof amcmg 
themselves and all o£ 
them are available in 
taking the boundary. 

In surveying this field (poles or natural marks being sup- 
posed to be fixed at A, B, G, D, and £) commence close to the 
river's edge, in the line A B prolonged backwards, enter the 
oflbets and the station A in the field-book* On arriving at fii» 
in the direction £D, enter its distance, and so on to O B, mea* 
Baring the line to the fence; from B proceed to C, in like man* 
ner, measuring beyond the station to the fence. The place of 
the O '^ is to be noted, on arriving in the direction £ A, while 
measuring CD. Dm is next measured, the place of the £ 
being noted. Lastly, go from m to A, and measure Ais, enter- 
ing the place of the £ a second time, all the ofisets being 
supposed to be taken during the operation. 

Conairuciion of the plan. Select the distances Am, A£, and 
E m from the field-book, and with them construct the triangle 
AmE, prolong the sides to their entire lengths, up to the 
boundaries, and fix the places of the stations B, n, and D. 
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Now, if the measured length of D n just fit between D and n, 
the work is right with respect to the triangles A E m, BBn. 
Lastly, prolong Dn to the O C, and, if the distance from thence 
to the O B be the same as shewn by the field-boo'k, the whole 
of the work is right. But, if the distance D n do not agree, 
the work must be examined from the beginning ; if only the 
distance B C fail, then only that distance and the portions m B, 
C n need be examined. 

NoTB. It may here be proper to add that, if a straight fence had passed at 
or. near the stations m and fi» exclading the portion of the field towards B and 
C, these stations wotdd have determined the position of that fence, thus com- 
pleting the survey of a five-sided field with only the four lines Am, mV, D n, 
11 A, which may be measured consecuttvely. 

2» The annexed figure AmDnBCE is a seven-sided field, or 
rather resolveable into a seven-sided field for the purposes of 

surveying; one of the 
sides CE is straight, and 
the fence AmDnB too 
much bent to be taken 
by one line, crossing and 
recrossing it, with ofisets 
taken to the right and 
left. The lines here re- 
quired are only ^ve^ viz. 
AB, BC, CD, DE, and 
E A, which may be mea- 
sured consecutively. The stations m and n in A B, being care- 
fully noted in the field-book, give at once the means of laying 
down the plan, and proving its accuracy. The student will at 
once perceive that the triangle mnD should be first laid down, 
and its sides Dm, Dit, prolonged to the stations C and E, from 
whence the lines C E, E A, must respectively reach the points 
B and C to confirm the accuracy of the work. This done, the 
ofisets on the several lines may be laid ofi^, through which the 
bent fences are to be drawn ; the side, C E, being straight, is 
determined by joining the stations C and E, which are assumed 
to be therein, or, what means the same thing, by the edge of its 
ditch or drain. 

NoTB. It ought here to be remarked, that by the ordinary method of sur- 
veying, this field would require nine lines to efiect its survey, viz., for the tra- 
pezium A B C £, its four sides and two diagonals or tie-lines, thus making six 
lines ; and for the triangle Dmn, at least three other lines, (its tie-line included) 
thus making in all nine lineSi or nearly twice the number required by the 
method here given. 

3. The following figure comprises two fields, by the side of a 
river J each field, for the purposes of surveying, may be con- 
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sidered a five-sided field. The five lines A B, B C, Cm, » E, 
and £ A, are found amply sufficient to accomplish an accurate 




Surrey, in consequence of the three fenced, terminating at the 
river being straight, their positions are determined bj the in- 
tersections of the surveying lines, the middle fence by three 
intersections, and the two end fences by two intersections and 
one ofiset each, thus proving the accuracy of their positions. 
The two main triangles of the survey, viz. AnE, mBC, mutu- 
allj prove one another by the intersection at the station D. 

It will be unnecessary to explain the method of laying down 
tbe figure, as that will be obvious from what has been done 
before. It may, however, be proper to remind the student 
that the largest triangles ought to be laid down first, and the 
accuracy of tbe plan will be shewn by the agreement of the 
D with tbe proper intersection of the lines C m, E n. 

Note, By the common<p1ace method, used by the generality of sarveyors, 
the two fields, in the last example, are made to reqaire no less than 12 lines 
instead of 5, as here shewn, viz., one in the same position as the A B, one near 
tbe three bends in the river and two dose by the right and left straight fences; 
tfaiis forming a trapezium, which, with two diagonals, or tie- lines, requires 6 
Inies in the usual way : the two triangles, abutting from the side of the trape- 
zium next the river, requiring, as sides and tie-lines, three lines each, that is, 
6 lines more for the purpose of taking the bends of the river; thus making 12 
^ in all, as already stated. 

4. Required the plan and the area of a field, having six 
^de8, from the following field-notes, taken from an old, though 
still much practised, method. The first figure shews the lines 
Wording to the old, the second according to the improved 
Qiethod. 
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It will be seen, from the field-notes and the first figure, no. 
less than eleven lines are used to complete the survey by the 
old method; whereas four lines will be found amply sufficienlr; 
to efiect the same purpose: thus the three lines P B, B C» and, 
CP, constituting the triangle PBC, are first measured, stationti 
being left at m and n in the direction of the comer at £; thei 
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line mE 18 then measured thiotigh the ii ; thus proTing the 
triangle PBC, and detenning the posidon of the straight fence 
DE, which position is farther proved bj offsets and a croenng 
at, and south of D, the crooked fences having been taken by 
offsets in the usual way: thus completing the survey with little 
more than one third of the lines required by the former method. 
The student can readily add the field-notes in the latter case. 

5. Required the plans and contents of two straight-fenced 
fields, each having five sideSi firam the Mowing field notes^ as 
giren by old methods. 
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KoTB. In the two preceding example^ nine lines are required in each caee^ 
bjr the circaitouB methods there adopted. Each field, by the impioved methods* 
^ laid down, may he sanr^ed by five Unes^ or both fields by only one line 
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mora thu an nquind b; the metlradt girui in Uie precadiog field tout. 
Preclsdy tbe oni i^aUm of lloei majr b« idopud in the tmmet cue, u bu 
beta done in tha Esampla 1. The lAtter caa« ii ItA to the iogonully <i tLt 

Problem Vm. 

WOODS, LAKEB, AND SWAMFT ORODNDS. 

When woods, lakea, and swampy grounde are required to be 
Burveyed, where lines cannot be measured upon them, a system 
of lines must be adopted for each particular case, so combined 
by triangulatioD as to prove their accuracy, among themselves, 
when kid down on paper. If the wood) or other inaccessible 
space, (as far as measuring is concerned) be either of, or very 
near, a triangular shape, the three sides of a triangle will com- 
pass it, which may be proved by a tie-line at one of its comers, 
if the wood or lake will admit one of sufficient length, but, it 
not, any two of the sides of the triangle may be prolonged for 
this purpose, oSsets, or rather insets, being taken to the bound- 
ary of the wood or lake, in the usual way. 

1. Here the three sides of the triangle ABC compass a lake 
or large pond, insets 
being taken there- 1 
from to the margin | 
of the water. Tlie 
accuracy of the work 
is proved by the lie- 1 
line pq, or, if this 
tine be thought too I 
short, (as it appar- 1 

" " ently is) the sidej 

AB, GB may be pro- 
longed to m and n, till B m, B n, each equal about one third o( 
AB, and the tie-line mn, being measured, will establish the ac- ' 
curacy of the work, or prove it wrong, as the case may be. 

2. The annexed figure shews the survey of a wood, which is i 
"^ effected by the four main-lines 

AB, BC, CD, DA, the first 
line being prolonged to p, end 
stations being left at m, n, and 
5 for the tie-lines m n, pq. It 
scarcely need be added that 
when the lines A B, A D, B C, i 
are laid down by the help of 
the two tie-Unes, the line B D 
will exactly fit in, if all the work has been accurately done. 
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3. Bequired the plan and area of a wood from the following 
field notesi two of the fences of which are straight. 
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The figure being laid down, 
and reduced by casting the 
two crooked sides, the area 
will be found 458,065 square 
links, or 4a. 2r. ISp, 



NoTB. As a general rule for sorreying woods and lakes, the following may 
be given : — ^Measure as many lines roand the boundary to be surveyed as will 
compass it, and tie all tbe angles, except the two last, as in the preceding ex- 
amples $ you will thus obtain a system of lines that will prove among them- 
selves, as tbe last measured side will just reach from the last station to the first, 
if the work have been done with accuracy. But the shapes of woods, &c., are 
so various that it would not be adviseable, in every case, to adhere to this 
method: much must, therefore, be left to the skill of the surveyor. In the 
southem counties of England, where coppice wood is sold by the acre for fuel, 
it is very frequently required to survey a portion of a wood, (the coppice being 
cot dofWB, and the large timber still standing) ; in such cases, the lines must be 
taken within the space to be surveyed, as the adjoining uncut coppice prevents 
their being taken outside. The lines must, therefore, be ranged among the 
growing timber, as well as they can ; and the tie-lines taken through the most 
convenient openings left by the trees. Surveys of this kind, it may be proper 
to add, are b«st i)erformed with the help of the Prismatic Compass, or the Box 
Sextant, which are sufficiently accurate for these surveys, which are always of 
small extent. 
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TO SUBYET A SMALL ESTATE, DIVIDED INTEBNALLT BY 

8T&AI6HT FENCES. 

A small estate, of a form nearly triangnlar, is divided into 
six fields by four straight fences, as shewn on the annexed 

plan. The survey is 
commenced at A, by 
measuring the line AD, 
taking the offsets, and 
leaving stations at the 
crossing of these fences 
at B and C. The line 
DE is now measured, 
also crossing two of the 
straight fences. fVom 
the O £ the line E A 
is measured, leaving 
stations at the hedge- 
crossings F and G: thus 
completing the triangle 
A D E. Next, the line 
BG is measured, close to 
the straight fence B G, 
and crossing the straight 
fence ab. Lastly, the 
line FC is measured, 
again crossing the straight fence a h and c o : a station being 
left at 972, about a chain's' distance from o, and one chain mea- 
sured close by the fence oc to «, and from thence to © m: (the 
last operation being, in most cases, the most readily performed 
before the line passes the fence c o) thus completing the survey. 
The position of the straight ience ah \a proved to be correct 
by the crossing of three of the lines of the survey, viz., B G, 
F C, and D E ; the crossing^ made by these three lines on a b^ 
must be in a right line on the plan, otherwise there has been an 
error in the field notes. " The straight fence o c has only two 
crossings by the surveying lines FC, DE, its position is, there- 
fore, not duly proved to be correct without the tie-line m n, 
measured in the manner already stated. This expeditions 
method of proving the position of a straight fence, crossed by 
two chain lines (as the fence c o), was never adopted till done 
so by the author, in the parish survey under the Tithe Com- 
mtssionerSy who, in their instmeHons to surveyors^ directed the 
lengths of aU such fences to be measured to establish the accu' 
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racy (^ their positions. Now the measurement of the length of 
such a straight fence as c o, which is nearly perpendicular to 
the two chain lines that cross it, gives a very imperfect proof 
of the accuracy of its position, especially if it he a long one. 
In this latter case the fence c o might be a full chain from its 
true position at one end, and its length, as shown by the plan, 
would be so near the measured length that the error would not 
be detected ; whereas the tie line m n, shown on the plan, 
would detect the error at once, by its increased or diminished 
length. However, when two chain lines cross a straight fence 
obliquely, the length of the fence, from crossing to crossing, 
evidently gives a sufficient proof of the accuracy of its position; 
yet to measure a short tie line, at one of the crossings, is a 
shorter method of proof, in all cases where the length of the 
fence is considerable. The method of proof recommended by 
the Commissioners in question, ought, therefore, never to be 
adopted, except where one or both of the chain lines cross the 
straight fence obliquely and at a short distance. It seems 
hardly necessary to remark that the positions of the straight 
fences G B, C F are determined by the lines measured close to 
them. ThiAS the survey of six ,fields may be made^ and its 
accuracy proved^ by five ItTieSy with the two short tie lines m n, 
n o, which may be regarded as mere offsets. Besides^ had the 
fences 6 6, C F been crooked^ the same lines would have ef- 
fected the survey by offsets thereon. Moreover^ the survey of 
these six fields, all the internal fences being as shown in the 
plan, may be accuratisly effected by four Unes, in the foUounng 
manner. The triangle A D E remaining as the foundation of 
the survey, let a station, or rather direction point, p be entered 
in the field notes, in the direction of the straight fence a by and 
another similar point at q, in the direction of the straight fence 
oc; leave also a proper station mark, or pole, at r; on arriving 
at « in E A, leave another station, in such a position, that a 
line from s to r will cross all the four straight fences. This 
last line will prove the fundamental triangle ADE and the posi- 
tions of the four straight fences, at the same time, without mea- 
suring the lines by the fences G B, C F; which can have now 
three crossings by chain lines, and the other two fences ab, oc 
have each two crossings by chain lines, and each one direction 
point, viz : p and q ; through which points these fences must 
respectively pass, ai^er they have been drawn through their 
crossings on D E, and the other line from « to r, not shown on 
the plan. This method of determining the position of straight 
fences, though theoretically elegant, cannot always be easily 
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practised, especially where the fences are high, or the groand 
hillj, thus preventing the directions of the straight fences being 
seen to distant chain lines, as in the cases of the fence ab, oc, 
with respect to the chain line A D. 

THS METHOD OF HEAStlBINa HILLT OBOUKD. 

When the ground, over which lines are measured, rises or 
falls, or both aiternatelj, the horizontal distances are what are 
required in plotting the survey, as well as for finding the con- 
tent thereof, and not the actual distances measured along the 
surface of the ground. 

For many ordinary purposes the horizontal measurement 
may be obtained by holding the end of the chain up so as to 
keep it horizontal, as nearly as can be judged by the eye, the 
arrow being placed vertical under the end so held up : but 
when a large and accurate survey is required, the distances 
must be measured along the line of ground, and the angles of 
elevation and of depression of the several inclined parts of the 
line must be taken, either with a common quadrant, or after- 
wards with the theodolite (to be hereafter described), and the 
lengths of the several rises and falls must be noted; from which 
the corresponding correct horizontal distances may be readily 
computed. The following table shews the number of links to 
be subtracted from every chain, or 100 linkSi for the angles 
there set down. 

Tablb shewing the reduction in links and decimals of a link 
upon 100 links for every half degree of inclination from 3^ 
to 20° 30*. 
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Angle. 
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By this table the trouble of computation is avoided, only the 
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distaDce, measured on each rise or fall, requiring to be multi- 
plied by the reduction in chains corresponding to the angle of 
each rise or fall, and the product, subtracted from that dis- 
tance, will give the correct distance, as in the following 

EXAMPLES. 

1. A line was measured 12*43 chains, on ground having a 
rise of 8-^ degrees, required the horizontal length of the line. 

Here to 8^^, or S° 3(y corresponds the reduction 1*10 links, 
whencG 

12*43 Whence 12*43 

MO 13-673 



13*6730 links 12*29*327 horizontal distance, 

in which the decimal, being less than half a link, is rejected ; 
thus making the correct horizontal distance 12*29 chains, or 
1229 Unks. 

2. The acclivity of a hill rises 20°, and measures 16*14 
chains, its declivity falls 11^° and measures 32*28 chains, re- 
quired the horizontal distance between the extremities of the 
line thus measured over the hill, it being level at the top 2*80 
chains. 

Here 16-14x6-08 = 98-1312 
32-28x2-01=64-8828 



Whence 16-14 

32-82 

2-80 



163-0140 or 163 links, or 1-63 chains. 



51-22 
1-63 



49*59 chains, the horizontal distance required. 

KoTB. When fences are crossed, stations made, &c, on the acclivity or dediyity 
of a hiU, the horizontal distance up to snch points must be found. Some sur- 
Yeyora place the arrow forward a distance equal to reduction, due to the angle 
of acclivity or declivity, at the end of every chain measured, and thus obviate 
the necessity of reducing the line afterwards, having for the purpose a small 
pocket quadrant, so graduated that the plumb-line thereof shews, on observing 
the angle of elevation or depression, theS^uction required for each chain. A 
great deal of trouble is thus saved as the theodolite cannot be conveniently 
carried about for this purpose. Such pocket quadrants are not made by the 
mathematical instrument makers, being the productions of clock makers or 
other mechanical aooording to the varibus designs of surveyors. 
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THE USE OF THE PARALLEL RULER, 

IN REDUCING CROOKED FENCES TO STRAIGHT ONES, TO FACIU- 
TATE THE COMPUTATION OF THE CONTENTS OF FIELDS. 

As some surveyors prefer the parallel ruler to the method 
already given, for reducing crooked fences to straight ones, the 
method of using that instrument for this purpose is here given. 
This method is founded on a well-known proposition of Euclid, 
in which it is shewn that triangles on the same base, and be- 
tween the same parallels, are equaL 

C^_ ^::^3> Let ABC, ABD be 

triangles on the same base 
AB, and between the same 
parallels AB, CD; then 
the triangle ABC is equal 
to the triangle ABD. And, if the triangle A E B, which is 
common to the other two triangles, be taken away, the remaining 
triangles A E C, BED will jdso be equal; whence equal areas 
may be transferred from one side of a line to the other, which 
is the principle, on which, as akeady said, the foUowing Pro- 
blems are founded. 

Problem I. 

IT IS REQUIRED TO REDUCE THE OFFSET-FIKCB A B C D E TO 
A RIGHT ANGLED TRIANGLE AEc, BY AN EQUALIZING LINE 
Ec, WITH THE PARALLEL RULER. 

Draw the indefinite 
line Ac perpendicular 
to A E. Lay the pa- 
rallel ruler f5rom A to 
C; hold the near side 
of the ruler firmly, and 
move the further side 
to B, which will cut Ac at a, where a mark must be made. 
Lay the ruler from a to D, and the further side thereof being 
now held fast, bring the near side to C, marking Ac at b. 
Lay the ruler from b to E, move it parallel to D, marking A c 
at c. Join E c; then A Ec is a right angled triangle required, 
and its area may be found by taking half the prpduct of A E 
and A c. 

THE FOLLOWING IS A GENERAL RULE FOR SOLVING PROBLEMS 

OF THIS KIND. 

Draw a temporary line, as A c, at right angles, or at any 
other angle to the chain line^ as A E, of the ofisets. 
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1. Lay the ruler from the first to the third angle, and more 
it parallel to the second angle; then make the first mark on the 
temporary line. 

2. Lay the ruler from the first mark on the temporary line 
to the fourth angle, and move it parallel to the third angle ; 
then make the second mark on the temporary line. 

3. Lay the ruler from the last named mark to the fifth angle, 
and move it parallel to the fourth angle ; then make the third 
mark on the temporary line. 

4. Lay the ruler from the last named third mark on the 
temporary line to the sixth angle, and move it parallel to the 
fifth angle; then make the fourth mark on the temporary 
line. 

In this manner the work of casting by the parallel ruler may 
be conducted to any number of angles. Great care must be 
taken, during the operation, to prevent the ruler slipping, as 
such an accident will derange the whole of the work, if not 
discovered and immediately corrected. 

Problem II. 

TO HEDUCB A CURVED OFFSET-PIECE TO A RIGHT-ANGLED 

TRIANGLE. 

Let A a b c d e^ be the 
curved offset-piece. Divide 
the curve by points a, 5, &c., 
so that the parts A a, ab^ &c., 
may be straight or nearly so ; 
and draw A 5 perpendicular to 
AB. Lay the ruler from A 

to b; move it parallel to a, and mark A 5 at 1. Lay the ruler 
from 1 to c; move it parallel to b, and mark A 5 at 2. Lay 
the ruler from 2 to d; move it parallel to c, and mark A 5 at 3. 
Lay the ruler from 3 to c; move it parallel to d, and mark A 5 
at 4, Lay the ruler from 4 to B; move it parallel to e, and 
mark A 5 at 5. Draw the line B5; then will AB 5 be a right 
angled triangle equal in area to the offset-piece AabcdeB, 
as required. 

EXAMPLES FOR PRACTICE ON THE TWO PRECEDING 

PROBLEMS. 

1. Lay down a right-lined offset-piece, from the following 
notes; reduce it to a triangle by the parallel ruler; and find 
its content, both by calculation from t]ie offsets and the casting 
of the ruler. 
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©A 


range West 



From 



The area found by calculation from the offsets is Oa. 2r. lip. 

and the perpendicular of the triangle, found by the casting of 

751 X 161 
the parallel ruler, is 161 links. Hence 5 as 0.60455 

square links, or somewhat more than Oa. 2r. 16^* It hence 
appears that the method of casting by the ruler, gives the con- 
tent very near the truth. In fact this method is mathematically 
accurate; but the danger of error, as already said, arises from 
the accidental slipping of the ruler during the operation, 

2. Lay down and find the area of a curve-lined offset*piece, 
from the following field notes : and find its area both by cal- 
culation, and by the casting of the parallel ruler. 
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By both the methods the area is found to be Oa. 2r. 15^/). 
nearly, the perpendicular on A B being found 199 links by the 
casting operation. 

Problem III. 

TO REDCCE THE IBREOULAR FIELD ABCDEFGHK TO A 
TRAPEZIUS! By THE PARALLEL RULER. 

Prolong the line A E at pleasure. Lay the ruler from K to 
G; move it parallel to, and mark AK prolonged at 1. Lay 
the ruler from 1 to F; move it parallel to G, and mark A K 
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at 2. Lay the ruler from 2 to 
E; move it parallel to F, and 
mark A 1 at 3. Draw a line from 
3 to E and prolong from E. Lay 
the ruler from E to C; move it 
parallel to D, and mark 3 E at 
4. Lay the ruler from 4 to B; 
move it parallel to C, and mark 
3 E prolonged at 6. Draw a 
line from 5 to B ; then shall 
A B 6 3 be a trapezium, equal 
in area, to the irregular figure 
ABCDEFGK; the area of 
which may be found by mul- 
tipljring the diagonal B 3 by 
half the sum of the perpendicu- 
lars thereon from A and 5. 

Note. In this manner the crooked 
rides of a field may be saccessively re- 
duced to straight ones. Thas, if the 
side AB had been crooked, the operation 
of stnightening might be continued by 
prolonging the dotted line 5 B, and find 
soccessiTe points therein, corresponding 
to the assumed angles, till the last angle 
was brought thereon, and so on with 
respect to the side AK, had it also been 
crooked. When the sides of a field are 
cnrred, the method of reducing them to 
straight lines is the same as shewn in 
Problem IL 

Problem IV. 

TO DRAW AN EQUALIZING LINE THROUGH THE CROOKED FENCS 
abed By so THAT THE TWO FIELDS ABtfO, aDC« MAT 
BE FOUR SIDED. 

Lay the ruler from a to C; 
move it parallel to b^ and 
mark A D at 1. Lay the 
ruler from I to d; move it 
parallel to c, and mark A K 
at 2. Lay the ruler from 2 
to tf ; move it parallel to d, 
and mark A K at 3. Draw 
the Ihae «3, and it will divide 

the two fields, so that their j v *u 

quantities shall be the same as those before separated by tn« 

crooked fence abode* 
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It is scarcely necessary to add, that had the fence abcde 
been curved, the equalizing line might have been found as in 
Prob. n. 

Note. The ownen of adjoining estates sometimes agree to straighten fences 
or boundaries, by an equilizing line of fence, or as they terra it, ** by giving 
and taking equal quantities of land." When this is required to be done, the 
crooked or curved boundary fence must be first measared on the ground, and 
then plotted on a large scale ; when the equalizing line may be drawn on the 
plan, as shewn in the last Problem, and the distance from D to 3, or from a to 
3, must be correctly measured by the scale : this distance must next be mea- 
sured in the field, accordingly as it is taken from D or a; and the new line of 
boundary e 3 may now be ranged and marked out, preparatory to making the 
required fence. Moreover, to guard against errors, in the preceding operation, 
it is advisable to measure, both on the plan and on the ground, the parts cut off, 
on each side of the new boundary line, thus proving the work, as an error is 
of serious consequence in these matters : and, if one is found to exist, it must be 
corrected before the boundary fence is made. 



SURVEYING LARGE ESTATES OR PARISHES BY 

THE CHAIN ONLY. 

1. Having perambulated the boundary of the estate, parish, 
or lordship to be surveyed, if you find that its boundary ap- 
proaches somewhat near to that of a four-sided figure, or trape- 
zium, the system of fundamental lines, adopted by order of the 
Tithe Commissioners of England and Wales, is to be preferred. 
These fundamental lines are six in number, of which four must 
run close by, or as nearly as possible to, the boundary in 
question, thus forming a trapezium, four lofty" station poles 
being placed at each angle, as objects for running the lines ; 
the other two lines must form the diagonals of this trapezium, 
and therefore pass through the central parts of the survey, 
intersecting each other, the points of intersection being noted 
on measuring each line, so that when the system of lines are 
laid down on the plan, the proof of the accuracy of the work 
may be fully established, before the minor operations, or filling 
up, as it is called, is commenced. It will be necessary, more- 
over, in almost every case, to range the lines between every 
two of the main stations with long slender ranging poles, as 
the intervention of hills, fences, trees, buildings, &c., will fre- 
quently interrupt the view of even the loftiest station poles 
that can be obtained ; and more especially so, when the main 
stations are at a great distance, which depends on the mag- 
nitude of the survey, and is sometimes as much as ten miles. 
In measuring these main-lines, every fence, road, stream, 
building, &c.. which is passed or crossed must be noted in tbe 
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field-book, the several crossings and bends being sketched 
therein, to the latter of which offsets must be taken. Stations 
most also be left on these main-lines, at convenient situations 
for taking the interior fences, &c., of the survey, and their dis- 
tances carefully noted in the field-book. From and to the sta- 
tions, thus left, or from and to points near them, secondary 
lines must be run, as near the interior parts of the survey as 
possible, the crossings, offsets, and other remarks being made in 
the field-book, as already directed for the measurement of the 
main-lines. These secondary lines will accurately fit between 
the points from and to which they have been measured, when 
laid down on the plan ; thus forming a net work of small 
triangles within the four large triangles, into which the survey 
is divided by the six fundamental lines. This principle of proof 
is founded on the obvious property of triangles having a com- 
mon angle always fitting one within the another, the common 
angle of both being coincident. The lines marked with the 
figures I to 6, represent the system in question, those without 
figures are the secondary lines. 




The main lines are numbered with the figures 1, 2, 3, &c., 
in small circles, as the most convenient method of reference to 
the field-book : the secondary lines must have these numbers 
continued on them, for the same purpose, but this is not done 
in the diagram, to avoid confusing it. 
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It will be seen that the secondary lines mn, rs are prolonged 
beyond the system of main lines to i^ive stability to the parts of 
the survey that protrudes beyond line 2. It will also be seen 
that the positions of several straight fences are determined bj 
triple intersections of the main and secondary lines, or by 
direction points taken in them, as shewn in Prob. IX. 

In the author's practice, as a surveyor, he adopted this me- 
thod, in the survey of the Parish of Tillington, Sussex, with 
the exception of bringing one of the diagonals to one of the 
angles of the trapezium, which, of course terminated in one of 
the side lines; thus giving a system of lines equally perfect, the 
end of the diagonal being only a few chains from the angle ; 
there being a considerable practical difficulty in laying down 
this system of lines, where the ground is hilly and woody, as 
was the case x>n this occasion. 

2. The system of main lines adopted by the author in the 
survey of the Parish of Woolbedding, in the same county, was 
the following, 




the base line A B being about five miles in length. To this 
survey, it may be clearly seen that the Tithe Commissioners' 
system of lines would not be at all adapted ; though some sur- 
veyors, in compliance with their orders, adopted their system, 
whatever might be the shape of the survey, thus wasting much 
valuable time, in running lines over grounds at a great dis« 
tance, in some parts, from the parish to be surveyed, and 
incurring the ridicule of both the scientific and the ignorant to 
boot. Such a course would evidently be required, in using 
their system in this survey : meanwhile a system of lines 
adapted to the shape of the survey, and constituting proof 
among themselves, as those shewn above do, are evidently the 
best. In this figure the interior fences and secondary linea of 
the survey are not drawn, as their great number would confuse 
the student; the author's object being to present a proper system 
of fundamental lines for the survey in question. 
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3. The Parish of Lodsworth, 
in the same county, presents an- 
other Tariety of shape; in the 
survey of which, the author at 
first laid the system of funda- 
mental lines shewn in the an- 
nexed figure; which had been 
adopted, had he not, in the 
meanwhile, obtained the survey 
of the a.djoining parish; both pa- 
rishes were, therefore, included 
in one survey. The base-line 
AB of this parish was nearly 
seven miles in length, its long, 
narrow, zig-zag shape completely 
setting aside the universai me- 
thod put forth by the Tithe 
Commission authorities ; who, 
however, did not insist on their 
methods being adhered to, as 
they approved of the author^s 
maps as of the first class, in 
this and many other cases where 
their method was not adopted. 
Bat such was the obsequiousness 
or ignorance of the great ma- 
jority of surveyors that, even in 
such incongruous cases as the 
one referred to, they persevered 
in the Tithe Office rule, in some 
cases b^ joining together two,: 
three, or four trapeziums, with 
their diagonals, and sometimes 
by making the surveys after 
their own methods, and then 
drawing on their maps, the sys- 
tem, or groups of the systems, 
in question, and making a field- 
book to correspond thereto; they 
were thus at liberty to project 
lines in any direction they chose, 
without the trouble of measuring 
them; and many have exultingly 
confessed they did so^ after their maps had received the seal of 
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the Tithe Commissioners : but how far such behaviour is to be 
commended, I leave the reader to judge. 

Having given the student a great variety of examples, both 
in small and large surveys, it will now be proper to describe 
the drawing instruments, required in lajring down extensive 
surveys, as well as the more perfect field instruments, required 
in railway and other engineering surveys ; which are often of 
a complicated character, as are also private surveys of wood- 
lands and mountainous districts. These subjects will be treated 
of in Chap. Y., where the proper forms of the field books will 
be given, for extensive surveys of every description. 
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CHAPTER IV. 
DRAWING & SURVEYING INSTRUMENTS. 

THE VEBNIEB SCALE. 

The nature of this scale will be best understood 
from its construction. — To construct a vernier scale, 
which will enable us to take off a number to three 
places of figures: divide all the primary divisions into 
tenths, and number these subdivisions, 1, 2, 3, &c., 
from the left hand towards the right, throughout the 
whole extent of the scale. Then take off, with the 
compasses, eleven of these subdivisions, set the extent 
off backwards, from the end of the first primary 
division, and it will reach beyond the beginning of 
this division, or zero point, a distance equal to one of 
the subdivisions. Now divide the extent, thus set 
off, into ten equal parts, marking the divisions on the 
opposite side of the divided line to the strokes mark- 
ing the primary divisions and the subdivisions ; and 
number them 1, 2, 3, &c., backwards from right to 
left. Then, since the extent of eleven subdivisions 
has been divided into ten equal parts, so that these 
ten parts exceed by one subdivision the extent of ten 
subdivisions, each one of these equal parts, or, as it 
may be called, one division of the vernier scale, exceeds 
one of the subdivisions by a tenth part of a subdivi- 
sion, or a hundreth part of a primary division. In 
our figure the distances between the primary divisions 
are each one inch, consequently the distances between 
the subdivisions are each one-tenth of an inch, and 
the distances of the divisions on the vernier scale are 
each one-tenth and one-hundredth of an inch. 
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TO TAKE OFF A GIVEN NUMBER FROM THE VERNIER SCALE. 

Example 1. Let the given number be 253. 

Increase the first figure 2 by 1, making it 3 ; because the 
vernier scale commences at the end of the first primary division, 
and the primary divisions are measured from this point, and 
not from the zero point.* The first figure, thus increased, 
represents 35 of the subdivisions from the zero point, from 
which the third figure 3 must be subtracted, leaving 32, since 
three divisions of the vernier scale will contain three of these 
subdivisions together with three-tenths of a subdivision. Now 
place one point of the compasses upon the third division of the 
vernier scale, and extend the other point to the 32nd subdivi* 
sion, or the second division beyond the third primary division, 
andy laying down the distance between the points of the com- 
passes, it will represent 253, or 25*3, or 2*53, according as the 
primary divisions are taken for hundredths, tens, or units. 

General Rule. — To take any number to three 'places oj 
figures from this vernier scale. — ^Increase the first figure by one; 
subtract the third figure from the second, borrowing one from 
the first increased figure, if necessary, and extend the com- 
passes from the division ugon the vernier scale indicated by the 
third figure, to the subdivision indicated by the number re- 
maining after performing the above subtraction. 

DIRECTIONS CONCERNING PLOTTING EXTENSIVE SURVEYS 

FROM THIS SCALE. 

During the time necessarily occupied in plotting an extensive 
survey, the paper on which the work is drawn, is afiected by 
the different states of humidity of the air, and the parts laid 
down &om the same scale, at difierent times, will not exactly 
correspond, unless the scale has been first laid down on the 
paper itself, and all the distances of the survey have been 
taken from the scale so laid down, which will always be in the 
same state of expansion or contraction as the work on the 
plan. Therefore, for plotting an extensive survey, and accu- 
rately filling in the minutiae, a diagonal, or vernier scale may 
be advantageously laid upon the paper on which the plan is to 
be made. A vernier scale is preferable to a diagonal scale, be- 
cause in the latter it is extremely difficult to draw the diagonals 
with accuracy, and we have no check upon its errors; whUe in 
the former, the uniform manner in which the strokes of one 
scale separate from those of the other, is strong evidence of the 
truth of both. 

*■ If the vernier scale were placed to the left of the zero point, a distance less 
than one primaiy diyision could not always be found upon the scale. 
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THB BEAU OOMPASSBS. 




The aboye engraving represents the instrument, which con- 
sists of a beam A A, of any length required, generally made of 
well-seasoned mahogany. Upon its face is inlaid throughout its 
whole length, a slip of holly or boxwood a a, on which are 
engraved the divisions or scale, either in feet and decimals or 
inches and decimals, or such parts of either as may be required. 
Those made for the use of the Ordinance survey of Ireland, 
were divided to a scale of chains, 80 of which occupied a 
length of six inches, which, therefore, represented one mile, 
six inches to the mile being the scale on which that important 
survey is plotted ; the present survey of the metropolis being 
plotted to a scale of 60 inches to a mile.* Two brass boxes B 
and C are adapted to the beam ; of which the latter may be 
moved, by sliding to any part of its length, and its position 
fixed by tightening the clamp screw E. Connected with the 
brass boxes are the points of the instrument G and H, which 
may be made to have any extent of opening by sliding the box 
C along the beam, the other box B being firmly fixed at one 
extremity of the beam. The object to be attained by this 
instrument is the nice adjustment of the points G, H to any 
definite distance apart. This is accomplished by two verniers, 
or reading places b, c each fixed at the side of an opening in 
the brass boxes, to which they are attached, and afibrding the 
means of minutely subdividing the principal divisions a a on the 
beam, which appear through these openings. D is a clamp 
screw for a similar purpose to the screw £, that is, to Bx, the box 
B, and prevent motion in the point it carries after adjustment. 
F is a slow motion, by which the point G may be moved any 
minute quantity for perfecting the setting of the instrument, 
after it has been otherwise set^ as nearly as possible, by the 
hand alone. 

* The first class parish maps of the Tithe Commissioii survey are to a scale 
of three chains to one inch, or one mile to 26} inches. Plans of private estates 
are to varions scales, but chiefly varying from 5 to 12 chains to an inch, the 
smaller scales being chiefly adopted where the estates are large, that the plana 
may be of a convenient siza 
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The method of setting the instrument may he understood 
from the above description of its parts, in conjunction with the 
following explanation of the method of examining and correct- 
ing the ac(3ustment of the vernier 5, which like all other me- 
chanical adjustments, will occasionally become deranged. This 
verification must be performed by means of a detached scale. 
Suppose, for example, that the beam compass is divided into feet, 
inches, and tenths, and subdivided by the vernier into hundredths, 
&c. First set the zero division of the vernier to the zero of the 
principal divisions on the beam, by means of the slow motion 
screw F. This must be done with great care. Then slide the 
box C, with its point H, till the zero on the vernier C exactly 
coincides with any principal division on the beam, as 12 or 6 
inches. To enable us to do this with extreme accuracy, some su- 
perior kinds of beam compasses have the box C also furnished 
with a tangent or slow motion screw, by which the setting of the 
points of division may be performed with the utmost precision. 
Lastly, apply the points to a similar detached scale, and, if the 
adjustment be perfect, the interval of the points G, H will 
measure on it the distance to which they were set on the beam. 
If they do D *" by ever so small a quantity, the adjustment 
should be correctcnT, by turning the screw F, till the points 
exactly measure that on the detached scale ; then, by loosening 
the little screws which hold the vernier b in its place, the posi- 
tion of the vernier may be gradually changed, tiU its zero coin- 
cides with the zero on the beam; and, the screws being now 
tightened, the adjustment will be complete. 

THE PANTAGRAPH. 

The pantagraph, used for reducing or enlarging maps, con- 
sists of four brass bars A B, AC, D F, and F £ : the two 
longer bars A B, A C are connected by a moveable joint at A: 
the two shorter bars are connected in like manner with each 
other at F, and with the longer bars at D and E, and, being 
equal in length to the portions AD, A £ of the longer bars, 
form with them an accurate parallelogram A D F E, in every 
position of the instrument. Several ivory castors support the 
machine parallel to the paper, and allow it to move freely over 
it in all directions. The arms AB and D F are graduated and 
marked ^, ^, &c., and have each a sliding index which can be 
fixed to any of the divisions by a mUled-headed clamping 
screw, seen in the engraving. The sliding indices have each 
of them a tube, adapted either to slide on a pin, rising from a 
heavy circular weight called the fulcrum, or to receive a sliding 
holder with a pencil or pen, or a blunt tracing point, as may be 
required. 
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When the instrument is correctly set, the tracing point, 
pencil, and fulcrum will be in one straight line, as shewn by 
the dotted line in the figure. The motions of the tracing point 
and pencil are then each compounded of two circular motions, 
one about the fulcrum, and the other about the joints at the 
ends of the bars, upon which they are respectively placed. 
The radii of these motions form sides about equal angles of two 
similar triangles, of which the doted right line B C, passing 
through the tracing point, pencil, and fulcrum, forms one side : 
hence the distances passed over by the tracing point and pencil 
in consequence of either of these motions, have the same ratio, 
and,, therefore, the distances passed over in consequence of the 
combination of the two motions, have also the same ratio^ which 
is that indicated by the setting of the instrument. 

The engraving represents the pantagraph in the act of re- 
ducing a map to the scale of half the original. For this pur- 
pose the sliding indices are first clamped at the divisions on the 
arms, marked {; the tracing point is then fixed in the socket at 
C over the original map ; the pencil is next placed in the tube 
of the sliding index, on the bar D F, over the paper to receive 
the copy; and the fulcrum to that at B, on the bar A B. The 
machine being now ready for use, if the tracing point G be 
passed delicately and steadily over every line of the map^ a true 
copy, but of one half of the scale of the original, will be marked 
by the pencil on the paper beneath it. The fine thread repre- 
sented as passing from the pencil quite round the instrument 
to the tracing point C, enables the draughtsman at the tracing 
'nt to raise the pencil from the paper while he passes the 
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tracer from one part of tlie original to another, and thus to 
prevent false lines to he made on the copy. The pencil holder 
is surmounted by a cup, into which sand or shot may be put, 
to press the pencil more heavily on the paper, when found 
necessary. 

If the object were to enlarge the map to double its scale, 
then the tracer must be placed on the arm D F, and the pencil 
at G ; and, if a copy were required of the same scale as the 
original, then, the sliding indices still remaining at the same 
divisions on D F and A B, the fulcrum must take the middle 
station, and the pencil and tracing point those on the exterior 
bars AB, A C of the instrument. 

Though the pantagraph affords the most rapid means of re- 
ducing a map or drawing, we cannot recommend its use for 
enlarging a copy, or even for copying on the same scale, espe- 
cially when the original drawing is a complicated one ; we 
therefore proceed to mention some of the other means for the 
attainment of the two latter objects. 

To produce a copy of the same size as the original. — ^Lay a 

sheet of tracing paper, having its under side rubbed over with 

powdered black lead, upon the paper intended to receive the 

copy; the original being then placed over both, the whole may 

be made to lay steadily by weights placed thereon : the tracing 

point may now be carefully passed over all the lines of the 

drawing, with a pressure proportionate to the thickness of the 

paper; and the paper beneath will receive corresponding marks, 

forming an exact copy, which is afterwards to be inked in. 

NoTB. Copies of maps are also taken for ordinary purposes by laying tracing 
paper thereon, throngh which, from its almost transparent thinness, all the 
lines of the original can be seen, and readily traced with ink, on the tracing 
paper. Copies, thus obtained, are called tracings. 

Another method. — The drawing or map is placed on a large 
sheet of plate-glass, called a copying glass, and the paper to re- 
ceive the copy placed over the drawing. The glass is then 
fixed in such a position as to have a strong light to fall upon it 
from behind, and to shine through it and both the original 
drawing and the paper to receive the copy. By this means the 
lines of the original drawing become visible through the paper 
to receive the copy, which can be made with precision and ease, 
without any risk of soiling or injuring the original. 

To copy unth exactness on a reduced or enlarged scalc-^Fot 
this purpose we have recourse to the method of squares, by 
which the most minute details may be copied with accuracy. 
This perhaps may be best shown by an example. Let figure 
I9 in ^e annexed engraving represent a plan of an estate, which 
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it is required to copj upon a reduced scale of one half. The 
oopj will therefore he half the length and half the hreadth, and 
consequently will occupy but one fourth the space of the ori- 
ginal The subject is the map of an estate, but the process 
would be precisely the same, if it were an architectural, me- 
chanical, or any other drawing. 
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Draw the lines F I, F G at right angles to each other; from 
the point F towards I and G, set off any number of equal parts, 
as Fa, a 6, 6c, &c., on the line FI, and Ft^ t'A, kly &c., on the 
line F G : from the points in the line F I, draw lines parallel 
to the other line F G, as a a, 6 6, c c, &c., and from the points 
on F G, draw lines parallel to F J, as i t, A A, / Z, &c., which 
being sufficiently extended towards I and G, the whole of the 
original drawing will be covered with a reticule of small bat 
equal squares. Next draw upon the paper intended for the 
copy, a similar set of squares, but haying each side only one* 
half the length of the former, as is represented in figure 2. It 
will now be evident that if the lines AB, BC, CD, 8^., figure 1, 
be drawn in the corresponding squares in figure 2, a correct 
copy of the original will be produced, and of half the original 
scale. Commencing then at A, observe where in the original 
the angle A falls, which is towards the bottom of the square, 
marked de» In the corresponding square, therefore, of the 
copy, and in the same proportion towards the left-hand side of 
it, place the same point in the copy: from thence tracing where 
the cnrved line A F crosses the bottom line of that square, 
which crossing is about two-fifths of the width of the squaxe 
from the left hand corner towards the right, and cross it simi- 
larly in the copy. Again, as it crosses the right hand bottoiin 
comer in the second square below de, describe it so in tlie 
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copy; find the posirion of the points aimilarljr wbera it orosaes 
the lines ff and g g, above the line II, ^ comparing the dis- 
tances of snch croBsings from the nearest comer of a square in 
the originnl, and similarly marking the required crossings on the 
corresponding lines on the copy. Lastly, determine the place 
of the point B, in the third square betoH g h on the top line; 
and a line drawn from A in the copy, through these several 
points to B, will be a correct reduced copy of the original line. 
Proceed in like manner with every other line on the plan, and 
its various detaib, and you will Imve the plot or drawing laid 
down to a small scale, yet bearing all the proportions in itself 
exactly as the original. 

It may appear almost Buperflnous to remark, that the process 
of enlarging drawings, by means of squares, is a similar opera- 
tion to the above, excepting tbat the points are to be determined 
on the smaller squares of the original, and transferred to the 
larger squares of the copy. The process of enlarging, under 
any drcumslances, does not, however, admit of the same accu- 
racy as reducing. 

THE FRIBUATIC COMPASS. 

With this instrument horizontal angles can be observed with 
great rapidity, and, when used with a tripod stand, with a con- 
siderable degree of accuracy ; it is, therefore, a useful instru- 
ment for filling in the details of an extensive survey, after the 
principal points have been laid down by means of observations 
made witb the theodolite, hereafter to be described. It was 
used for this purpose by the gentlemen engaged in making the 
Ordinance surreys. 



C u ft compass cord, di7ided nsuaUy to every 2Cf, or third 
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part of a degree, and having attached to its under side a xnag- 
netic needle ; n is a spring, which, being touched by the finger, 
acts upon the card and checks its vibrations, so as to bring it 
sooner to rest, when making an observation. S is the sight 
vane, having a fine thread stretched along its opening, which is 
to cat the point to be observed by the instnunent. The sight 
vane is mounted upon a hinge joint, so that it can be turned 
down fiat in the box, when not in use. P is the prism, attached 
to a plate sliding in a socket, and thus admitting of being 
raised or lowered at pleasure, and also supplied with a hinge 
joint, so that it can also be turned down into the box, when not 
in use. In the plate to which the prism is attached, and which 
projects beyond the prism, is a narrow slit, forming the sight 
through which the vision is directed, when making an observa- 
tion. On looking through the slit, and raising or lowering 
the prism in its socket, distinct vision of the divisions on the 
compass card, immediately under the sight-vane, is soon ob- 
tained; and these divisions, seen through the prism, all appear, 
as each is successively brought into coincidence with the thread 
of the sight-vane by turning the instrument round, as continu- 
ations of the thread, which is seen distinctly through the part 
of the slit that projects beyond the prism. 

The method of using the instrument is as follows :•-— the 
sight-vane S, and the prism P, being turned up on their hinge 
joints, as represented in the figure, hold the instrument as 
nearly in a horizontal position as you can judge, or, if a tripod 
stand be used, set it as nearly as you can in a horizontal posi- 
tion by moving the legs of the stand, that thence the card may 
play freely. Raise the prism in its socket till the divisions on 
the card are seen distinctly through it, and, turning the instru- 
meot round, until the object to be observed is seen through the 
portion of the slit projecting beyond the prism, in exact coin- 
cidence with the thread of the sight-vane, bring the card to 
rest by touching the spring n; and then reading at the division 
upon the card, which appears in coincidence with the pro- 
longation of the thread, gives the magnetic azimuth or bearing 
of the object observed, or the angle which a straight Hue, 
drawn from the eye to the object, makes with the magnetic 
meridian.* The magnetic azimuth of a second object being 

* The magnetic meridian now makes an angle of 24^ with the true meridian, 
at London, the north point of the compass being 24^ west of the trne nortli 
point This angle is called the variation of the compass, and is different at 
different places, and also at the same place at different times. Since this varia- 
tion will affect eqnallj, or nearly so, all azimuths observed within a Iimite<l 
extent, and during a limited time, the angles subtended by any two of the 
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obtained in the same manner, the difference between these two 
azimuths is the angle subtended by the objects at the place of 
the eye, and is quite independent of the error in the azimuths, 
arising ftom the slit in the prism not being diametrically oppo- 
site to the thread of the sight- vane. 

For the purpose of taking the bearings of objects much 
above or below the level of the observer, a mirror B is supplied 
with the instrument, which slides on and off the sight«vane S, 
with sufficient Motion to remain at any part of the vane that 
may be desired. It can be put with its face either upwards or 
downwards, so as to reflect the images of objects considerably 
above or below the horizontal plane of the eye of the observer. 
If the instrument be used for obtaining the magnetic azimuth 
of the sun, the dark glasses D must be interposed between the 
sun's image and the eye. 

There is a stop in the side of the box, not shewn in the 
figure, by touching which a little lever is raised and the card 
thrown off its centre; as it always should be, when not in use, 
or the constant playing of the needle would wear the fine ^ate 
point, on which it is balanced, and the sensibility of the instru- 
ment would be thereby impaired. The sight-vane and prism 
being turned down, a cover fits on the box, which is about 
three inches diameter, and one deep; and the whole being 
packed in a leather-case, may be carried in the pocket without 
inconvenience. 

THB BOX SEXTANT. 

This instrument, which is equally portable with the prisma- 
tic compass, forming, when shut up, a box about three inches 
in diameter, and an inch and a half deep, will measure the 




objects observed, being the difference of tbeir azimuths, will not be affected by 
the variation ; and hence the map or plan may be constructed with all the 
^^jects in their proper relative positions ; but the true meridian must be first 
vid down on the map, if required, by making allowance for the variation. 
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actual angle between any two objects to a single minute. It 
requires no support but the hand, is easily adjusted, and, when 
once adjusted, seldom requires re-adjusting. 

When the Sextant is to be used, the lid £ of the box, is 
taken off and screwed to the bottom, where it makes a conveni- 
ent handle for holding the instrument ; the telescope T, being 
then drawn out, the instrument appears as shewn in the figure 
A is an index arm, having at its extremity a vender, of which 
30 divisions coincide with 29 divisions on the graduated limb 
IL and the divided spaces on the limb denote each 30 minutes, 
or half a degree, the angles observed being read off by means 
of the vernier to a single minute. The index is moved by turn- 
ing the milled head B, which acts upon a rack and pinion with- 
in the box. To the index arm is attached a mirror, called the 
index glass, which moves with the index arm, and is firmly 
fixed upon it by the maker, so as to have its plane accurately 
perpendicular to the plane in which the motion of the index 
arm takes place, and which is called the plane of the instru- 
ment ; this plane is evidently the same as the plane of the face 
of the instrument, or of the graduated limb / /. In the line of 
sight of the telescope is placed a second glass, called the 
horizon glass, having half its surface silvered, and which must 
be adjusted that its plane may be perpendicular to the plane oC 
the instrument, and parallel to the plane of the index glass, 
when the index is at zero. The instrument is provided with 
two dark glasses, which can be raised or lowered by the little 
levers seen at d^ so as to be interposed, when necessary, between 
the mirrors and any object too bright to be otherwise conveni* 
ently observed, as objects in the direction of the sun. The eye 
end of the telescope is also furnished with a dark glass, to be 
used when necessary. 

To see if the instrument be in perfect a^ustment. — ^Place the 
dark glass before the eye-end of the telescope, and looking at 
the sun, and moving the index backwards and forwards a little 
distance on either side of zero, the sun's reflected image will 
be seen to pass over the disc, as seen directly through the 
horizon glass, and if in its passage the reflected image com- 
pletely covers the direct image, so that one perfect orb is seeix 
the horizon glass is perpendicular to the plane of the instru- 
ment: but, if not, the screw at a must be turned by the key I 
till such is the case. The key k fits the square hei^ of botl 
the screws seen at a and by and fits into a spare partof tbe fao 
of the instrument, so as to be at hand when wanted. This &d 
justment being perfected, bring the refiected image of the 
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lower limb in exact contact with the direct image of his upper 
limb, and note the reading of the vernier; then move the index 
back beyond the zero division of the limb, till the reflected 
image of the sun's upper limb is in exact contact with the 
direct image of his lower limb, and, if the zero of the vernier be 
now exactly as far behind the zero of the limb, as it was at 
the former reading in front of it, the instrument is in perfect 
adjustment; but, if not, half the difference is the amount of 
error, which must be corrected by applying the key h to the 
screw at 6, and turning it gently till both readings are alike, 
each being made equal to hcdf the sum of the two readings first 
obtained. When this adjustment is perfected, if the zeros of the 
vernier and limb are also made exactly to coincide, the reflected 
and direct image of the sun will exactly coincide, so as to form 
but one perfect orb, and the reflected and direct image of any 
line, sufficiently distant not to be a&cted by parallax, as the 
distant horizon, or the top or end of a wall, more than a half a 
mile distant, will coincide so as to form one unbroken line. 

2b obtain the angle subtended by two objects in, or nearly in^ 
the same horizontal plane. — Hold the sextant in the left hand, 
and bring the reflected image of the right hand object into coinci- 
dence with the direct image of the left hand object, and the read- 
ing of the instrument will give the angle between the two objects. 

To obtain the angle subtended by two objects in, or nearly in, 
the same vertical plane, — Hold the instrument in the right 
hand, and bring down the reflected image of the upper object 
by turning the milled head B, till it exactly coincides with the 
direct image of the lower object, and the reading of the instru- 
ment will give the angle between the two objects. 

It will be seldom that the surveyor need pay any attention to 
the small error arising from parallax, but, should great accuracy 
be desirable, and one of the objects be distant while the other 
is near, the parallax will be elHminated by observing the dis- 
tant object by reflection, and the near one by direct vision, 
holding the instrument for this purpose with its face downwards, 
if the distant object be on the left hand. K both objects 6e 
near, the reflected image of a distant object, in a direct line 
with one of the objects, must be brought into coincidence with 
the direct image of the other object, and the parallax will thus 
be elliminated. 

For the purposes of surveying, the horizontal angles between 
objects are chiefly required, and the reduction of these angles 
from the actual oblique angles subtended by the objects, would 
be a troublesome process. If the angle subtended by two 
objects be large, and one be not much higher than the other, 

4 
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the actual angle observed will, however, be a Bufficiently near 
approximation to the horizontal angle required; and if the 
angle between the two objects be small, the horizontal angle 
may be obtained, with sufficient accuracy, by taking the dif- 
ference of the angles observed between each of the objects, and 
a third object at a considerable angular distance from them. 
With a litUe practice the eye will be able to select an object in 
the same direction as one of the objects, and nearly on a level 
with the other object, and the angle between this object and the 
object selected will be the horizontal angle required. 

For laying off long offseU^ or perpendicular distances from a 
station Zintf.— The pocket sextant is a most convenient instru- 
ment for this purpose : for by setting the index to 90% and 
walking along the station line, looking through the horizon 
glass directly at the further station staff, or any other remarka- 
ble object on the station line, any object off the station line will 
be seen by reflection, when the obiserver arrives at the point 
where the perpendicular falls from this object upon the station 
line, and the distance from this point to the object, being mea- 
sured, is its perpendicular distance from the station line* 

THB OPTICAL 8QUABE. 

For the purpose of measuring long offsets and perpendiculars, 
this instrument is now very generidly used, which consists of 
the two glasses of the sextant fixed permanently at an angle of 
45% so that any two objects seen in it, the one by direct vision 
and the other by reflection, subtend at the place of the observer 
an angle of 90% 

THE THEODOLITE. 

The theodolite is the most important instrument used by 
surveyors, and measure^ at the same time both the horizontal 
angles between two objects observed with it, and the angles of 
elevation of these points from the point of observation. 
' The instrument may be considered to consist of three parts ; 
the vertical limb for measuring vertical angles, the horizontal 
limb for measuring horizontal angles, and the parallel plates, in 
the lower of which is a female screw, adapted to the staff-head, 
which is connected by brass joints with three mahogany legs, 
so constructed as to shut together and form one round staff, a 
very convenient form for portability, and, when opened out, to 
make a firm stand, be the ground ever so uneven. 

The horizontal limb is composed of two circular plates L and 
y, which fit accurately one upon the other. The lower plate 
projects beyond the other, and its projecting edge is sloped off, 
and graduated at every half-degree. The upper plate is called 
the vernier plate, and has portions of its edge sloped off, bo aa 
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to form with the eloped edge of the lower plate contioaed por- 
tions of the same conical snrface. These eloped portiona of the 
upper plate are graduated to form the Temiers, hf which the 
limb is subdivided to minutes. The fire-inch theodolite, repre- 
stnled in the figure, has two such vemiero 180° apart. The 
lower plate of the horizontal limb is attached to a conical axia 
pssaing through the upper parallel plate, and terminating in a 
ball fitting in a societ, upon the lower parallel plate. This 
3113 is hollowed to receiTe a similar conical aiis, ground ac- 
curately to fit it, so that the axis of the two cooes may be 
sactly coincident. To the internal axis, the upper, or Temier 
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plat^ of the horisontal limb is attached, and thus, while the 
whole limb can be moved through any horizontal angle re- 
quired, the upper plate only can also be moved through any 
desired angle, when the lower plate is fixed by means of the 
clamping screw C, which tightens the collar D. T is a slow- 
motion screw, which moves the whole limb through a small 
space, to adjust it more perfectly, after tightening the collar D 
by the clamping screw C. There is also a clamping screw c 
for fixing the upper plate to the lower, and a tangent screw (, 
for giving the upper plate a slow motion upon the lower, when 
so damped. Two spirit levels B, B are placed upon the 
horizontal limb, at right angles to each other, and a compass 
G is also placed upon it, in the centre between the supports 
F F of the vertical limb. 

The vertical limb N, N is graduated on one side at every 
d(X minutes, each way from to 90^, and subdivided by the 
vernier, which is fixed to the compass box, to single minutes. 
Upon the other side are engraved the number of links to be 
deducted from each chain, for various angles of inclination, in 
order to reduce distances measured on ground rising or falling 
at these angles, to the corresponding horizontal distances* The 
axis A of this limb must rest in a position truly parallel to the 
horizontal limb, upon the supports F F, so as to be horizontal 
when the horizontal limb is set truly level, and the plane of the 
limb N N must now be perpendicular to its axis. On the top 
of the vertical limb N N is attached a bar that carries two Ys 
(so called from their shape), for supporting the telescope, which 
is secured by two clips c, d; and underneath the telescope is a 
spirit level s «, attached to it at one end by a joint, and at the 
other by a capstan-headed screw. The horizontal axis A can 
be fixed by a clamping screw C; and the vertical limb can then 
be moved through a small space by the slow-motion screw t. 

Before commencing observations with this instrument, the 
following adjustments must be attended to:— 

1. Adjustments of the telescope for paraUax and coUimation, 

2. Adjustments of the horizontal limb for setting the levels on 
the horizontal limb to indicate the verticaUty of its axis. 

3. Atifustment of the vertical limb for setting the level be- 
neath the telescope to indicate the horizantaUty of the\ Une of 
colUmation. 

1. Parallax and colUmation. Move the object-glass o by the 
screw M, and the eye-glass E with the hand, till distant objects 
and the cross wires within the telescope, appear clearly de- 
fined; and the adjustment for parallax will be completed, 
^ext, direct the telescope to some well-defined object at a 
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great distance; and see that the intersection of the cross wires 
cat it accurately; then loose the clips c, d^ that confine the 
telescope in the Ys, and turn it round on its axis, observing 
whether the centre of the wires still continue to cut the object, 
during the whole revolution. If it does, it is in adjustment; if 
not, the line of coUimation, or optical axis of the instrument, 
is not in the line joining the centres of the eye and object- 
glasses. To correct this error, turn the telescope on its axis, 
and by means of the four conjugate screws a, a, &c., that move 
the cross wires, correct for half the error, alternately loosing 
one screw and tightening its opposite one, till the cross wires 
cut the same point of the distant object, during an entire revo- 
lution of the telescope round its axis. 

2. Adjustment of the horizontal /tlm^.— -Set the instrument 
up as level as you can by the eye, by moving the legs of the 
stand. Tighten the collar D by the clamping screw C, and, 
unclamping the vernier plate, turn it round till the telescope is 
directly over two of the parallel plate screws. Bring the bubble 
b of the level ss, beneath the telescope, to the centre of its run, 
by turning the tangent screw t. Turn the vernier plate half 
round, bringing the telescope again over the same pair of pa- 
rallel plate screws ; and, if the bubble of the level be not still 
in the centre of its run, bring it back to the centre, half-way 
by turning the parallel plate screws, over which it is placed, 
and half-way by turning the tangent screw t. Repeat this 
operation till the bubble remains accurately in the centre of its 
run, in both positions of the telescope ; and, then turning the 
vernier plate round till the telescope is over the other pair of 
parallel plate screws, bring the bubble again to the centre of its 
mn by these screws. The bubble will now retain its position 
while the vernier plate is turned completely round, shewing that 
the internal axis, about which it turns, is completely vertical. 
The bubbles of the levels on the vernier plate being now, there- 
fore, brought to the centres of their tubes, will be adjusted, and 
also shew the axis to be vertical. Now, having clamped the 
vernier plate, loosen the collar D by turning back the screw C, 
and move the instrument slowly round on the external axis, 
and, if the bubble of the level s s maintain its position during 
a complete revolution, the external and internal axes are coin- 
cident, both being vertical at the same time ; but, if the bubble 
does not maintain its position, it shews that the two parts of the 
axis have been inaccurately fitted, and the fault can only be 
remedied by the instrument-maker. 

3. AdftLstment of the vertical Umb.-^The bubble of the level 
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S8 being in the centre of its tabe, reverse the telescope end for 
end in the Ys, and, if the babble does not remain in the same 
position, correct for one half of the error bj means of the 
capstan-headed screw at the end of the level, and for the other 
half by the vertical tangent screw t. Repeat the operation till 
the result is perfectly satisfactory. Next turn the telescope 
round a little both to the right and to the left, and^ if the 
bubble does not remain in the centre of its run, the level ^s 
must be adjusted laterally by the screw at the other end. This 
adjustment wUl probably cUsturb the first, and the whole ope- 
ration must be carefully repeated. By means of the small screw, 
fastening the vernier of the vertical limb to the vernier plate 
over the compass-box, set the zero of the vernier to the zero of 
the limb, and the vertical limb wiU be in perfect adjustment. 

NoTB. The adjtutments of the theodolite here given are essentially the same 
as those given by Heather, in his * Treatise on Mathematical Instraments,' 
as being adapted to the plate of the instniment, which is taken from his work, 
though I prder the concise methods, I have given at page 318 of my Additioas 
to the ninth edition of * Neabit's Surveying.' 

TO TAKE A HORIZONTAL ANGLE WITH THE THEODOLITE. 

The theodolite being assumed to be in proper adjustment, the 
bubbles in the two levels B B, by a proper opening of the legs 
of the instrument should be made nearly central, and the 
plummet suspended beneath it should also hang over the sta- 
tion at which the angle is to be taken: then unclamp the 
whole instrument by means of the screw C^ keeping the other 
motions clamped, and set the horizontal limb level, as already 
shewn in the first adjustment. Now clamp the whole instru- 
ment and unclamp the vernier plate; set the arrow of the 
vernier to 360^, or zero, on the lower plate, adjusting the points 
carefully by the microscope m, and the adjusting screw i. 
Again unclamp the whole instrument, turning it to the left of 
the two stations, between which the angle is to be taken, till 
the centre of the cross wires in the telescope cut the pole, flag, 
or other object in the station ; then clamp the screw C, and by 
gently turning the screw T, the most perfect accuracy may be 
secured. Next unclamp the vernier plate and turn it round till 
the cross wires cut the object at the second station ; then clamp 
and adjust the vernier plate, as before, and, having obtained 
perfect accuracy, read off the angle by means of the vernier 
with the microscope m. Lastly, read off the angle, in the same 
way, with the other vernier, and the mean, or half sum, of the 
the two angles will be the correct angle. 
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TO TAKE A VERTICAL ANGLE. 

Having set the instrument level, as already explained, ob- 
serve at the same time whether the zero of the vertical limb 
coincides with that of its vernier, by the microscope attached 
thereto. These points being found coincident, raise or depress 
the telescope, till its optical axis, or cross wires, cut the object 
required ; then clamp, and adjust till perfect accuracy be ob- 
tiined, when the angle may be read off, which will be an angle 
of depression, if the arrow of the vernier be between the zero 
of the vertical circle and the object glass of the telescope ; 
otherwise an angle of elevation. 

THE CIRCULAR PROTRACTOR. 

This instrument is a complete circle A A, connected with its 
centre by four radii a, a, a, a. The centre is left open and 
surrounded by a concentric ring, or collar, 6, which carries two 
radial bars c c. At the extremity of one bar is a pinion df 
working in a toothed rack quite round the outer circumference 
of the protractor. To the opposite extremity of the othec bar 
is fixed a vernier, which subdivides the primary divisions on 
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the protractor to single minutes, and by estimation to 30 
seconds. This vernier, as may be readily seen from the en- 
graving, is carried round the protractor by turning the pinion 
d. Upon each radial bar e, c is placed a branch e, e, each 
branch carrying at its extremity a fine steel pricker, whose 
points are kept above the surface of the paper by springs 
placed pnder their supports, which give way when the branches 
are pressed downwards, and allow the points to make the ne- 
cessary puncture on the paper. The branches e, e are attached 



80 PLANNING SXTBN8ITB SITBVBTS. 

to the ban c, c with a joint, which admits of their being folded 
backwards o^er the instrument, when not in use, and for 
packing in its case. The centre of the instrument is repre- 
sented by the intersection of two lines, drawn at right angles 
to each other, on a piece of plate glass, which enables the person 
using it to place it so that the centre, or intersection of the 
cross lines, may coincide with any given point on the plan. 
If the instrument is in correct order, a line connecting the 
fine pricking points with each other would pass through the 
centre of the instrument, as shewn by the intersection of the 
cross lines on the glass ; which it may be observed, are drawn 
so nearly level with the under surface of the instrument as to 
do away with any serious amount of parallax, when setting the 
instrument over a point, from which any regular lines are to be 
drawn. In using this protractor the vernier should first be set 
to zero, or the division marked 360, on the divided limb, and 
then placed on the paper, so that the fine steel points may be 
on the given line, from whence the angalar lines are to be 
drawn, and that the centre of the instrument may coincide with 
the given angular point in the same line. This done, press the 
protractor gently down, which will fix it in position by means 
of very fine points on its under side. It is now ready to lay off 
the given angle, or any number of angles, that may be required 
from the given point, which is done by turning the pinion d till 
the opposite vernier reads the required angle. Then press the 
branches e e gently down, and they will cause their points to 
make the punctures in the paper, at opposite sides of the circle; 
which being afterwards connected, the line will pass through 
the given angular point, if the instrument was first correctly 
set. In this manner, at one setting of the instrument, any pro- 
posed number of angles may be laid off from the same point. 



PLANNING EXTENSIVE SURVEYS, IMPROVED 
FORM OF THE FIELD BOOK, &c. 

GENERAL DIBEGTIONS FOB PLANNING EXTENSIVE STTBYETS. 

Provide a sheet of paper, mounted on canvass of the proper 
size to contain the survey. This may be easily ascertained 
from the lengths of the longest lines in the survey, and the 
scale to which it is intended to be. laid down. Draw the first 
line with the proper bearing, which may be determined by the 
compass of the theodolite, making proper allowance for the vari- 
ation, as already noticed in the description of surveying instru- 
ments. If the survey has been made by the chain only, the bear- 



l^liAKKtNG fiXTBKdtVE StTRVSYS. 81 

log may be iPotind by a common pocket compass, or by tying a line 
to the first or base line in the direction <^ the sun at 12 o'clock. 

If the first or base line be a very long one, a straight-edge 
should be provided of equal length, for repeatedly splicing the 
line, as it is termed, with a short straight-edge will almost in- 
variably throw it out of the right direction, and if the first line 
be longer than any straight-edge that can be procured, (the 
author has had lines in maps of his surveys nearly 20 feet in 
length), in this case^ stretch a strong silken thread in the pro- 
per direction of the line, and carefully puncture the drawing 
paper in several places, in the exact direction of the thread, the 
hoe may then be correctly drawn, with a short straight-edge, 
from one point or puncture to another. 

The first line being laid down, by one or other of these 
methods, the stations, crossings, &c«, marked thereon, take 
separately, (in the beam-compasses if the extent of survey re- 
quire them), the second and third lines, or any other two con- 
venient lines that form a triangle with the line already laid 
down, and, from the proper stations as centres, describe arcs 
intersecting each other ; thus giving the position of the first 
triangle, which must now be proved by drawing one or more 
of the secondary lines from their proper stations therein. In 
the same manner proceed with the other triangles, formed on 
the first and other lines, till all the lines are laid down. 

If the surveys have been made with the help of an angular 
instrument, as the theodolite, &c, the angles must be laid ofi 
at their proper stations, proving the work as it proceeds. 

It may here be. proper to observe) that in extensive surveys, 
the lines measured each day must be laid down, and proved at 
night, that any error that may have occurred may be cor- 
rected before the work has proceeded too far ; otherwise the 
correction will involve greater trouble.— The lines of the survey 
being thus laid down, all the fences, roads, footpaths, rivers, 
brooks, ponds, bridges, towns, villages^ and detached buildings 
of every kind, as well as every remakable object, must next be 
laid down in pencil, and the fences and outlines of buildings, 
roads, rivers, &c., drawn with Indian ink ; thus finishing what 
is called the rough plan. 

MB. BODHAI^S IMPROVED FOfiM 09 THE PIELD BOOK. 

As en example for practice^ a plan with the form of the 
field book, as given by the late Mr. Rodham, of Richmond, 
Yorkshire, is presented in the plate facing page 82. This 
form of the field book was first published by Dr. Button, above 
50 years ago, was then generally adopted, and has not since 

4* 
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been materially improved ; the fences and other objects 
survey being sketched therein, on the right and left 
chain line. The author has here departed from the 
form by numbering the lines, as being- more convenient 
ference in large surveys than the method of numbe 
stations or marking them with the letters of the alph 
recommended by Mr. Rodham. 

In the plan referred to, the first line, No. 1, commeno 
station in the turnpike road, near N. W. wing wall 
bridge crossing the river Ouse, and is ranged in a 
westerly direction, and so as just to avoid the wood, No. 
numbers of this and the other lines being placed in small 
on the lines, to prevent their being mistaken for the n 
of the fields and other enclosures, the same numbers bei 
placed on the left of the station lines in the field book..; 
tions are left in line 1 at 250, 1260, 1890, 2335, 2875, 
and 4700 links for secondary lines on the right and left 
this line, having crossed seven fences as shewn in t 
book, terminates, in the northern boundary fence of the 
at 4726 links: it wiU also be seen that the direction 
straight fence on the south of the orchard and ho 
No. 11 is taken, on the left of this line, at 1424 links, 
stations referred to, which are afterwards used in the 
are put down on the right of the station line in the field-j 
opposite their respective distances ; although they mig! 
equal propriety be put immediately above their respecti 
tances in the station line. Some surveyors prefer thisi 
method, as the stations do not thus interfere with the 
allotted to the ofisets on the right of the line : the stud 
therefore, at liberty to adopt which method he chooses. 

Line 2 commences outside the north-western angle 
estate, crosses the boundary at 24, runs through the sta 
4700 in line 1, and terminates at the eastern fence of the 
pike road, stations being left therein at 2360 and SIS 
offsets taken therefrom to the northern boundary fence 
estate, which fence is sketched in the field book. 

Line 3 begins from at 3184 in line 2, turning to the 
thereof. This beginning of line 3 is thus marked in the 
book:— "from at 3184 p," *^® symbol j- denoting that " 
turns to the right of line 2, the symbol -^ being used wh 
line turns to the left. This line runs near the turnpike roi 
a considerable distance, the two fences of which are taken 
from by double offsets, as shewn in the field book ; and, . 
crossing the occupation-road between fields 8 and 9, mee 
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at 1260 in line 1, the direction of the straight fence between 

elds 4 and 8 being t<aken by a short tie line, as shewn in 

ob. IX., Chap. III. The length of this line is 3074 links, 

nd with lines 1 and 2 constitutes a triangle, which maj be 

id down in the usual way: thus, 

Line 4 starts from at 260 in line 1 p,"and closes on at 
097 in line 3, taking the turnpike road by double offsets. 
Line 5 starts from at 1420 in line 3 p and meets at 
360 in line 2, taking the western fence of field 3 by offsets. 
Line 6 and 7 complete the survey or filling up, as it is 
ually called, on the tiortb-eastern side of line 1. It is here 
roper to observe that the four last lines must all fit, or very 
early so, between their proper stations, when laid down on 
Ihe plan; otherwise some error or errors have been made, either 
b the measurements, or in the entries in the field book, or in 
laying down the lines, which must be corrected before the 
work proceeds any further. 

The next main line 8, starts from the beginning of line 2 p, 
of which proper notes are made in the field book, and ends on 
the north bank of the river Ouse, near the south-west corner 
of the estate, taking the western boundary thereof by means of 
offsets throughout its whole length, as shewn by the field book. 
Line 9 starts from at 4713 in line 8 -^ , and meets at 
459 beyond at 250 in line 1, the distance between these 
stations being measured on finishing line 9, as it was not 
foreseen that a was required for this line, when line 1 was 
measured, the entry being made as shewn in the field book. 

The remainder of the field book is here put down without 
sketching the fences, &c., which the student can readily do 
himself for practice from the plan. 



(lO) 



64 



CO 

out 



buildings 
188 



CO 



straight fence 
286 



cross 24 


A 




1250 


37 


1179 


37 


1160 


38 


1008 


38 


972 





740 


8 


700 


cross 56 


608 


47 40 


500 


48 44 


283 


From J 


at 



post 



13 farm house 



12 

43 
62 
fence 



54 



.>*s. 



1890 in (O "^ 



I I I 



84 



MANNINO EXTENStVB StniTETS. 





62 


2520 




croflfl straight fence 89 


2032 


219 






1552 


154 






1380 


70 


cro68 


straight fence 

^ 01 


1145 


88 




buildings < ^g 


902 








8 O 


(10) 






09 








861 






building/ 39 
86,140 


850 


cross fence 




706 




(13) 


cross 


530 
501 


70 
fence 




79 


460 






71 


100 






cross 


92 


fence ^^^ _ 




Prom 


O at 


820 in (Ji) ^ 




To 


at 


900 in 






1077 


/**s 


cross 


1032 


fence 


(12) 




900 


29 


N»«' 




780 


57 






550 


31 




Prom 


at 


3720 in 1 -, 




To 


at 


2875 in (J^ 






1526 






1436 


58 






1040 


71 






890 
820 


98 







700 


69 






660 


36 






200 


58 




cross 


74 


fence /^ 




From 


at 


1740 in W 1 




cross 


2174 

to § 

2045 


fence 


(g) 


93 


1950 
1316 


28 fence 



VLAMNINO IXTBN81VE SVKVBT8. 



85 



To 

cross strught fence 
(16) 



Prom 



«2t 



(15) 



cross straight fence 84 

I 
cross straight fence 26 

From 



314 


to left of at 250 in 1 


1458 




4 




870 









786 


31 


<4 




700 
500 


24 
18 






300 


58 




150 


106 


p4 




O at 


1310 


in 


(15) r 


1440 








1360 

1 








1310 









1200 


121 


4 




1025 


159 


^ 




880 


161 


^ 




750 


115 


^ 




610 


41 


to 

99 

o 




264 


28 


p$ 




150 


91 






at 


1660 


in 


(9) 



(14) 





To 


at 


24 




783 


09 "^ 


18 


600 


s » 


86 


440 


«^ 


124 


300 




96 


140 




Prom 


at 



4713 in (s) 



2912 in (13) r 



River Ouso 



(13) 




86 



PLANNING EZTENSITE 8VKTET8. 





cross straight 


638 


fence (wood) 






to 


at 


870 in (16) 


(17) 


2^ 

i 1 




447 


\^ 




1-3 


86 


400 


A 




PS "" 


22 


250 


w 




128 


4 


68 


) 




Bridge 


12 


62 


> cross 
) 




120 


12 


10 


rO* 






From 


at 


in O ) 1 



After a rough plan has been completed, the contents of all 
the fields, &c., must next be found, bj the methods cdreadj 
given in Chaps. IL and III. The scale to which the plan 
referred to is drawn, is 10 chains to one inch; it being drawn 
to this scale to accommodate it to the size of a page of this 
work, but for the purpose of finding the contents with accuracy, 
the scale to which the rough plan is drawn, should not be less 
than three or four chains to one inch, otherwise the several 
parts of the plan cannot be measured with accuracy. The fine 
plan may next be made to any required scale that may be 
thought most convenient Fine plans are of various sciEdes, 
from 5 to 20 chains to an inch, according to the size of the 
estate, parish, or manor, or to the desire of the proprietor or 
proprietors. The fine plan is reduced from the rough one by 
the pantagraph, or by any of the other methods already given, 
and is accompanied by a book of reference, containing the 
names and contents of the several fields and other enclosures, 
the names of the occupiers, and whatever other particulars, 
concerning the estate, parish, or manor, that may be required. 
If the estate be a small one, the reference may be put on one 
side of the plan. The name of the estate, &c., is usually in* 
scribed with large ornamental letters in a vacant comer of the 
plan, with the scale to which the plan is drawn. 

From what has been already explained with reference to the 
method of laying down plans, keeping the field book, ^., the 
student will now have no difficulty in conducting such extensive 
surveys of parishes, estates, manors, as are referred to at the 
end of Chap. III., whatever be their varieties of shape ; since 
all surveys made with the chain only, are continued systems 
of triangulation, or the prolongations of all or some of the sideiB 
of the fundamental triangles being made the bases of the fur- 
ther extensions, as may be seen at pages 60, 61, where the 
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lines for the surveys of the parishes of Woolbedding and Lods- 
worth are given. 

Before quitting this subject, it will be proper to remark, that 
when two, three, or four surveyors are employed in the survey 
of a large estate, parish, or manor, it is advisable to divide it 
into four parts by two large base or main lines crossing one 
another, at any convenient angle, as near the centre of the 
work as can be judged by roughly examining it. The main 
lines must next be tied, as near their extremities as convenient, 
by four other main lines; which, when laid down, will consti- 
tute a proof of the basis of the survey, and will form four large 
triangles, each surveyor surveying one of these large triangles 
or spaces cut off by the two first lines. The work, in this case, 
will be as well connected as if it had been done by one sur* 
vejor. The system of fundamental lines in such a survey will 
dearly resemble that proposed by the Tithe Commissioners for 
their surveys for first dass maps of parishes, for the purpose of 
the commutation of tithes. This system of lines has been al* 
ready referred to at p. 59, Chap. HI. 



CHAPTER V. 

fiXTENSrVE SURVEYS OP VARIOUS KINDS, EITHER WITH OR 

WITHOUT THE THEODOLITE. 

PfiEviocs to undertaking any extensive projects in engineering, 
as railways, canals, harbours, the improvement of the naviga- 
tion of rivers, &c., the district or country through which the 
railway, canal, &c., is proposed to be formed, must first be 
surveyed, and an accurate map made thereof, to exhibit the 
surface required to be occupied by it, and show how far and in 
what manner the difierent properties passed over, or near it, 
JQaj be damaged, if not wholly required by the undertaking, by 
its cuttings, embankments, &c., if a railway, canal, or harbour; 
also, by the severance of estates, removal of buildings, diversion 
of roads, brooks, and watercourses, by the drainage of wells, 
ponds and watering places, or by filling them up. 

When the intended engineering project is laid down on a 
Quip of this kind, and, if a railway or canal, the vertical section 
thereof accompanying it (see Plate III. at the end of the book)^ 
the damage done by it may be readily determined, and the 
diversion of road, watercourses, &c., contrived in the most con-% 
venient manner; in order that the several parties affected may 
be satisfied. 
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SAILWAT SURYETS. 

The survey given at the end of Chapter III, viz., that of the 
Parish of Lodsworth, is adapted to railway surveying, on ac- 
count of its long and narrow form ; and by tieing other base 
lines to A B, in that survey, it may be continued to any extent 
required. But previous to making surveys of this hind, the 
line of the proposed railway, as far as it can be determined by 
trial levels, (see Levelling, Part IL, Chap. I.) must be roughly 
delineated, on such a map of the part of the country or dis- 
trict through which it is im>po6ed to pass, as can be procured ; 
(if the railway be in England or Ireland, Ordnance maps are 
the best for the purpose) with which the superintendent of the 
survey must be provided that he may know what part or parts 
of the country is required to be surveyed for ^e intended 
project, and in ^hat direction the main lines ought to be taken, 
which direction must be as near the proposed line of railway 
as the obstructions arising from woods, rivers, &c., will admit. 
Surveys, containing all the required details for this purpose, 
may be obtained from the first class parish maps, made under 
the direction of the Tithe Commissioners. These maps may be 
generally considered as specimens of accuracy, with the ex- 
ception of a few that were surreptitiously manufactured by 
disingenuous surveyors; (see pape 61) but as it was optional 
to the parish authorities whether they would have first or 
second class maps, they more conunonly choose the latter, on 
account of the expense being less. The great mass of those 
second class maps, being partly made or compiled from old 
and incorrect maps, and partly surveyed by unskilful surveyors, 
are little better than mere sketches of the parishes of which 
they are put forth as the maps ; so much is this the case, that 
in making surveys for railways, the author, in running a line 
of little more than a mile in length, has found them to deviate 
upwards of ten chains from their true position, while fields 
shewn by the reference to contain about equal contents, were, 
as shewn by the map, one more than double another in size* 
These maps are, therefore, utterly worthless for the work in 
question, for which nothing less than the most accurate surveys 
are requisite. 

When, therefore, a new survey, is required to be made, range 
the first base line, fixing station fiags therein at the most con- 
venient points, also other station flags, to the right and left of 
the main line, in the direction of fences, roads, rivers, &c., 
except where there are natural marks that will answer the 
same purpose as the flags. The measurement of the base line^ 
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and the filling np of the survey on the right and left may then 
proceed, in the same manner, as already shewn in the narrow 
part of the Lodsworth survey just referred to. When the first 
base or main line begins to leave the direction of the proposed 
line of railway, a second main line must then be set out, from 
a station 10 or 16 chains short of the extremity of the first 
main line, that the two main lines may thus be effectually tied 
to each other ; after which the survey may be continued along 
any number of main lines. Sometimes obstructions prevent 
the efifectual tieing together of the main lines, in this case the 
theodolite must be used, as shall be shewn hereafter. The 
width of the survey should be 
from 5 to 20 or 30 chains ; 
the greater widths being where 
it has not yet been settled where 
the line of railway shall pass, 
or where there are curves 
therein, or some other en- 
gineering difficulty. 

The annexed figure repre- 
sents a survey of this kind; 
in which the thick, curved line 
R W, is the projected railway; 
A 6 the first base line, which 
at B begins to leave the direc- 
tion of the line of the railway. 
At C in the first main line 
another main line CD is set 
outy crossing and recrossing 
the railway. The line D is 
connected with AB by the tie 
line BE. In the same manner 
the next main line may be 
connected with CD, and the 
survey conducted thus to any 
extent or in any direction. 
The filling up of the chief 
parts of the survey is shewn 
by the dotted lines on both 
sides of the main lines. 

ENGINEEBma AND OTHER SURVEYS BT THE THEODOLITE. 

The use of the theodolite is either preferable, or absolutely 
necessary, both in engineering and other surveys; the chief 
cases of which are the following : — 
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1 . In the surreys of woods, lakes, harbours, &c., by ranging 
a system of lines round them, and connecting them by taking 
the angles at their several points of junction. 

2. In the surreys of winding roads, rivers, &c., especiallj 
where they are obstructed by woodlands, buildings, &c, on 
both sides, by taking the angles, as in the first case. 

8. In the surveys of the streets, of parts or the whole of 
citieS) and large towns. 

4. In detennining the positions and distances of several sta- 
tions, in an extensive engineering or other survey, by taking 
angles to them from two or more stations, the distances of 
which are known. 

5. In railway surveys, &c., by connecting the main line with 
angles, as in the first and second cases, by determining the in- 
accessible parts that may occur, as in the fourth case ; in 
ranging a long line over high summits. This case frequently 
embracing all the four preceding ones. 

Pboblbm I. 

TO SUBVBT WOODS, LAKES, HABBOUBS, &C., B7 THE THEODOLITE. 

1. Required the plan and area of the wood represented in 
the following figure, the field notes, adapted to the theodolite, 
being given. 




Fix station fiags round the wood, so that the lines com- 
passing it may be as near it as possible, for the convenience of 
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taking the ofi&ets ; the stations at the same time being made 
on proper ground for fixing the theodolite. Let ABODE 
be the stations, and the field book as below. 
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THE METHOD OF TAKING THE ANGLES, &C. 

It will be seen, from the field notes, that the line AB is first 
measured, as a base for the plan. The first angle ABO is then 
taken, which is found to be 81° 29', and shews the direction of 
the second line B 0. In taking this angle, the theodolite is 
fixed directly over B; the two zeros of the horizontal plates 
being then clamped together, the object glass of the telescope 
is directed to the flag or other mark at O A, and the whole 
instrument clamped ; the upper plate is now undamped, and 
the telescope directed to the flag at 0, when the angle ABO 
is found to be 81° 29', as shewn in the fidd notes. In a similar 
manner, the angles at stations and D are respectively found 
to be 111° 39' and 46° 51', the three lines B 0, OD, DE each 
bending respectively to the left of the line preceding it. The 
angle at E is found to be 241° 38', which being greater 
than 180^, that is, greater than the semicircle pq, shews that 
the line E A turns to the right. Finally, the angle at A is 
found to be 58° 23', shewing that the line A B turns to the left 
of E A. Thus the magnitude of the angle shews whether the 
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new line indines to the right or the left of the old one, the new 
line turning to the left of&e old one^ when the angle is less than 
180^, and to the right when greater^ the zero of the instrument 
being always directed to the commencement of the old line: 
therefore, the bearing of all the lines, except the first, may be 
omitted in the field notes ; the remainder of which, being simi' 
lar to those already given, need no farther explanation. 

PLANNING AND PROVING THE WOBK. 

Draw the base line A B in the given direction, indefinitely, 
and lay off the given length 2302 links thereon. Place the 
centre of the protractor at B, with its straight side closo 
against AB, and prick off 81° 29 from its end towards A ; 
then, through B and the protractor-mark, draw BC, making 
it the given length 2678. Lay down similarly the two follow* 
ing lines with their angles G and D. The angle at E if 
241° 88', therefore E A must turn to the right, and the angl 
to be laid off at E is 360° - 241° 38' = 118° 22'; or, if a cir 
cular protractor be used, the whole angle may be laid off 
once, and E A being drawn, must reach to A, where th 
survey began, or so very near to it that the error may be con< 
sidered immaterial ; but if it do not reach to A, by a coa< 
siderable distance, there has been an error either in taking th 
angles or measuring the lines. But since the sum of all 
interior angles of a polygon is equal to twice as many rtgi 
angles as the^gure has sides, lessened by four right angles^ an 
since the given figure has five sides, the sum of all its fi 
ititerior angles will be = 6x2 — 4 = 6 right angles = 9< 
X 6 = 5^°. This will be found to result by adding all t 
angles of the figure, as below. 

Angle at B = 81° 29* 

C = 111 39 

D= 46 51 

E = 241 38 

A=. 58 23 



Proof, as respects the angles 540° 0^ 

The above result shews that the angles have been accurately 
taken; if, therefore, the work do not close, that is, if E A does 
not reach to A, the error is in the measuring of some of the 
lines, or in making a wrong entry in the field notes, which may 
now be readUy detected, if required. 

When the work is planned the content will be found to be 
37o. 3r. 4p. 
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It will be seen that the above survey might have been ef- 
fected by the method given in Prob. VIII., Chap. III.; but it 
is here assumed that the lines compassing the wood cannot be 
prolonged for the purpose of measuring tie lines, on account of 
obstructions, as is often the case. 

LakeSi MereSy and large Fonda are surveyed and planned in 
the same manner as the wood just given. 

2. The following figure represents a gulf or inlet of the sea, 
the survey of which is required to adapt it for the purposes of 
a harbour for ships. 

The coast, here shewn, is the boundary of high water ; the 
survey b^ins at A, station^fiags being fixed at B, C, D, £, 
F, and G, and angles taken at 
A to F and 6. The line B A, 
being first prolonged back- 
wards to high water mark 
is then naeasured to B, and 
the angle ABC taken. Simi- 
larly fdl the succeeding lines 
are measured, and the angles ^ 
taken; also at F and G the 
angles are taken to A, and 
the line FG prolonged to high 
water mark, all the offsets be- 
ing taken as the work proceeds. 

down, precisely as in the last example, the magnitude of the 
angles shewing the directions of the lines, and the lines A F, 
AG, which could not be measured on account of the great 
width of the entrance of the harbour, proving* the work by 
means of the angles, taken at A, and F, and G. 

Problem II. 

the suryets of roads and rivers. 

1. The following figure represents a river, the survey and 
slan of which is required, for the purpose of improving its 
navigation, making locks, &c. 




The figure may now be laid 
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Station flags being set up, at or near the principal windings 
of the river, as at A, B, C, D, E, the line A B is measur^ 
and the offsets taken to the nearest shore of the river, its 
widthsy if very great, being determined by Frob. lY., Chap. III.; 
or by throwing a leaden ball across the river, with a slender 
cord attached thereto at one end, and holding the other end in 
the hand, and then drawing it back, and measuring the length 
of cord, required to reach the opposite shore. This last method 
is impracticable where the width of the river is very great A 
flag is left at P in A B, where the sight, in the general 
direction of the river, is nnobstmcted for a considerable dis- 
tance. The measuring of AB being now finished, the angle at 
B is taken, which, being less than 180^, shews that B C turns 
to the left. On measuring to G the angle there is found to be 
greater than 180^, shewing that CD turns to the right; and thus 
the work proceeds to E, where an angle is taken to the now- 
distant flag at P. This last angle will prove the accuracy of 
the work when laid down. 

If the width of the river be very great and unequal, a similar 
system of lines must be used on the opposite shore; otherwise, 
a correct map cannot be obtained^ the two systems of lines 
being connected by finding occasional widths of the river, as 
already stated; thus the line B C may be prolonged across the 
river to connect another system of lines, if required. 

2. If a road be represented by the winding figure, in the 
last example, it may be surveyed precisely in the same manner, 
excepting that it would be more convenient to have the system 
of lines A B C D E upon the road, instead of the side of it, that 
the offsets may be readily taken to the right and left of the 
several lines, recollecting to leave a flag, or some other promin- 
ent object, in or near the first line, as at O P? ^ the last figure, 
to which an augle may be taken, after the survey has proceeded 
a considerable distance, to prove the work. 

The method of planning either a river or road will be suffi- 
ciently clear, from the first example in Prob. L 

The map of a river or road being thus obtained, if the area, 
be required it may be readily found by the methods previously 
given, or, by taking widths at the end of every chain, estimated 
along the middle of the river or road, and taking a mean of the 
widths, which, multiplied by the length, will give the area suf- 
ficiently correct for most cases. 
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Pbobleh m. 

THE BTmyXT 07 A FART OS THE WHOLE OF A CITI OB 
LASQE TOWN. 

Case I. CommeDce the aarvey at the meeting ot three or 
more of the principal streets, through which the longest pros- 
pects can be obtained, for the parpose of hiding out the main 
lines. Having then selected a proper station, fix the theodolite 
thereon, making a lioe in one of the prinupal streets a base line, 
and directing it to some prominent or well'defined point as to a 
projecting comer of a honset or to a lamp, or railing-post, or to 
the right or left side of a conspicnoas door or window, whlcK 
point mnat be described in the note book, that it may be re- 
membered. Angles must first be taken between the base line 
and the other lines, diyei^ng from the first station, defining 
carefully the directions of these lines, as in the case of the haao 
line. This done, measure these lines with the chain, taking 
oSaets to all comers of streets, bendings, or windings, and to 
all remarkable objects, as churches, halls, colleges, eminent 
buildings, 8cc.; also, defining the extent of buildings belonging 
to each separate owner, or joint-owners, especially if such 
buildings are required to be taken down for engineering pur- 
poses, or for improvements : at the same time recollecting to 



leave stations opposite the ends of the streets to the right and 
left, and to take the angles of the directions. This operation 
must be repeated on the other main Unes, till the surrey is 
completed. 
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Thu8» having fixed the theodolite at A, take the angles of 
lines meeting there, referring them to the base line A B, that 
the magnitude of the angle may shew their direction : then 
measure A B, taking offsets to the buildings of different pro- 
prietors, as to the bnUdings marked a, 6, c, &c., on which the 
dimensions of their several parts, yards, &c., must be put in 
the note book, that they may be accurately mapped, preparatory 
to their valuation, if required to be taken down for engineering 
purposes, or for parish rating ; stations being left at m and 92, 
for the lines in the streets on the right, and the angles of their 
directions taken ; strong iron pins, driven into the crevices of 
the pavement, being the usmd station marks in large towns. 
The measurement thus proceeds to B, where the angles of 
the streets diverging from it are now taken. The line B C 
is next measured in like manner, an^ the angles taken at Q C; 
after which the measurement proceeds to n, in the base 
A B; thus constituting the triangle » B C, a station being left 
at D in C n. From © D the survey proceeds to © E, and 
from thence to © A, where the work commenced, a station 
having been left in the line D E at o for the line to © m. In 
this manner the survey may be continued to any required 
extent. 

This survey, so far as it has been here shewn may be plotted 
independent of the angles taken with the theodolite, by first 
laying down the triangle n B C, and then determining the 
position of © E by intersection from stations A and D, when 
the line m o will prove the work. But it rarely happens, in 
the practice of town surveying, that a fundamental triangle can 
t>e obtained, suficiently large to lay down the work in this 
manner ; it is merely here shewn that such a case is possible ; 
for had the street, in which the line C fi is measured, been so 
bent as not to admit a right line along it, the use of the 
theodolite would have been indispensable in this survey. As- 
suming, therefore, that C n is not a right line, but bent at 
D; then, in the five-sided figure A B C D E, the accuracy of 
the measurement of the angles may be proved, by taking the 
sum of all the interior angles as in Ex. 1, Prob. I.; and the 
work further proved, by the closing of the lines at A, as well 
as at the several other stations. 

The form of the field (or rather town) notes in this case, is 
the same as those already given in the field book, Plate p. 82, 
excepting that the entries must be made at a suf&cient distance 
apart, that sketches of buildings, yards, gardens, &c., may be 
clearly made, with the measures of their several parts put on 
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them in links, and the angles must be noted in the same man- 
ner as in the example of the wood, Prob. I. 

Case II. If a very large town be required to be snnrejed, 
the best method is to measare a base line of considerable length, 
on elevated and open ground, on the outside of the town and at 
two stations at its extremities take horizontal angles to the 
towers of churches and other lofty buildings in th^ town, and 
the intersections of the lines of sight, from these angles will 
determine the positions of the towers, &c.; which may then 
be made stations for the survey of the several streets, which 
may now be conducted in the manner shown in Case L More- 
over a third station must be taken in the line thus measured, 
at which angles must be taken to all the towers, &c., which 
angles, being laid down, their lines of sight will pass through the 
intersections of the lines of sight taken from the other two sta- 
tions, if the work be correct, otherwise an error has been made 
in taking some of the angles, which must be corrected, before 
the survey of the streets, &c., be commenced. 

The several distances of the towers and other lofty buildings 
may be calculated by Trigonometry (see Trigonometry^ Weale's 
Series), and the several lines, or triangulation, connecting the 
said towers, &c., may thence be laid down, without plotting the 
exterior base line and the lines of sight, taken from it. This 
last method of proceeding is shown in the following Problem, 
and is adopted by the Ordnance authorities. 

Case III. If the town be long and narrow, with straight 
openings across, either through straight streets, or partly 
through streets and gardens, a triangulation may be formed on 
the open ground outside the town and the main lines may be 
connected by other lines passing through these openings, in 
which stations may be obtained for the survey of the other 
streets. Such a survey would resemble the parish-surveys, al- 
ready described. 

lliis method was partly adopted by the author in the survey 
of Dover for Rowland Bees, Esq., Architect and Surveyor for 
that borough, the theodolite being only used in those parts where 
this method was impracticable. 

P&OBLEU IV. 

TO I>ETEItMlkB THE POSITIONS OF SEVERAL DISTANT POINTS, 
OBJECTS, OB STATIONS, BT TAKING ANGLES AT TWO STATIONS 
▲T THE ENDS OF A GIVEN LINE. 

Ijet A, B, C, D, £, F be six stations, the positl>ons of whicK 

5 
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are to be found. Measure a line M N on level ground^ and 
such that all the stations may be seen from U and N, and at 

each of the stations M 
O and N, take angles 
with the theodolite to 
aUthestations;itB2eio, 
ia taking the an^esst 
each station, being di* 
ceeted to the opposite 
end of the given line« 
that the magnitude of 
the angle may deter- 
mine the direction of 
each line of sight to the 
distant. stations. The 
line M N. being then 
laidrdown» and the an- 
gles taken at ita ex- 
tremitiesy the intersections of the lines of sight M A» M B» &c, 
and of NA, NB, &c., will determine the positions of the eeveral 
distant points A, B, kc^ from whence their distances may be 
found, and made base lines for the further extension of' the sur- 
vey, if required. 

The accuracy of the work may be proved by talking a o, at 
any point in MN, and taking firom thence angles to all the 
distant statioi^; which angles, being laid down, thdr lines of 
sight will pass through the intersections A, B^ &c.y if the work 
has been correctly done* 

When all the distant stations oi? objects cannot be seen from 
two given stations, then three stations may be taken, or as 
many as are necessary; connecting the stations, thus used, bj 
measuring their distances, and proving their positions by other 
lines, or by angles: the zero of the theodolite in taking the 
angles to the distant stations being always directed to tbei last 
given station. Moreover, t{ie angles to all remarkable objects 
that can be seen frpm twp given stations may be taken at the 
same time ; thus may their positions also he determined by the 
intersection of two or more lines of sight In this manner 
very extensive surveys miiy be effected, occasionally checking 
the accuracy of the work by measuring the distances of some 
of the distant stations, where it can bA the most conveniently 
done. The distances irom A to B, from B to C, &c., may be 
calculated by Trigonometry, as in the preceding Problem* 
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10 BUKTEY A DI8TEICT WUBBB OBaiBOCTIOMB .OCCDE, JOB A. 
BAILWAT, CAHAL, ETC 

Li thsflgore, EW is R portion of a projected railway, and AB 
iJt/ tbe mam lines ' 

to survey tbat por- 
tion of the dietrict \.-fc / 
occupied by or af- 
lected by the niil> 
way. Thefiretmajn 
line A B rant' alon^' 
a rosd, till h is ob- 
etnieted by a luge 
irood on the righ^ 
a brook being; close 
toit§left, wtd, Bince 
tie direation of the 
railway ehangeS' 
oear tbe point <^ 
obetructioa to the 
left, a new main 
Gne B C is taken. 
Here the use of the 
tlieodolite is indla- 
penaabletotakethe 
angle of the two 
mainlines AB, BC 
at B, aa it is im- 
possible, on aeconnt 
of the obstructions 
in question, to ob- 
tam tie lines to con- 
nect the main lines, 
excepting with great 
trouble. The parts 
of the surrey ad- 
joining the wood 
and the brook may 
be Med up in the 
usual wayt while 

angles must be' p ft — 

taken from two or " 

more stations, to 
determine the posi- 
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tions of churches, and other remarkable objects on the right 
and left of the railway, by intersection ; it being unnecessary, 
at the same time, to measure their distances, especially if those 
distances from the railway be considerable, their positions being 
only required to shew more clearly the locality of the proposed 
railway to those interested therein. Also, at the same time, 
the angles of fences, or other parts of the actual survey that 
may be in the same direction of the churches, &c., may be con- 
veniently taken, which will thus save the trouble of measuring 
tie lines. As the railway again leaves the direction of the main 
line B C at C, a third main line will be required (this line is 
not shewn in the figure); which may be either tied to B G, or 
its angle of inclination thereto be taken with the theodolite, ac- 
cording to convenience. The filling up of the part of the sur- 
vey to the right and left of the part of B C, towards C may be 
readily effected by the help of the prismatic compass, or box 
sextant, on account of the fences being straight, and the fields 
large ; the angles which these straight fences make with B C, 
being taken, and the lengths of the fences measured to the 
meetings of other straight fences. 



CHAPTER VI. 

Section L 

the various methods op latino out any given quantity 
of land in any pboposed beoulab ob ibbegulab form; 
op 8epabatino any bequibed quantity op land fbom an 
enclosube ob common ; and op dividing land op varia- 
ble value among sevebal claimants, in pbopobtion to 
theib be3pective claims. 

PRELIMINARY PROBLEMS. 

Problem L 

To lay out a given qtmntity of land in thtk/orm of a square. 

Rule. — ^Reduce the given quantity to square links, by the 
table of square measure page 15 s and the square root of the 
result is a side of the required square, in links. 




LATINO OUT AND DIVIDING LAND. 
EXAMPLES. 

1. Lay out 2a. Ir. 5^p. in the form of a square. 



101 



B 



2a. = 200,000 square links. 

Ir. r= 25,000 

S^p. = 3,437 

r links nearly, s= a 

228,437(478 ^ side of the square 
16 < A B D a 



D 



87)684 
509 

948)7537 
7584 



2. Required the side of a square, that shall contain 3a. 

Zr. 2Sp. Ax8. 626^ links. 

KoTB. A given quantity of land is sometimes required to be laid oat in the 
form of a square for pleasure gronnds, &c. 

Problem n. 

To lay out any prcposed quantity of land in the form of a 
rectangUy the length of which is given. 

Rule. — Divide the square links in the quantity of land by 
the given length, and the quotient will be the breadth of the 
required rectangle. — ^If the dimensions are required in feet, the 
given area must be reduced to square feet. 

EXAMPLES. 

1. Lay out 4a. Or. I2p, in a rectangular form, the length of 
which shall be 812 links. 

4a. Or. I2p. = 407,500 square links, and 

812)407500(501-8 links = AC, the 
4060 required breadth of 

the rectangle ABDC. 



B 



« D 



1500 
812 

6880 
6496 

384 



2. The breadth of a rectangular piece of ground 140 feet, 
required its length, when its area is 2 acres. 



102 LAYING OUT AND DIVIDING LAND. 

1 acre s 43560 square feet 

2 



14-0 




8712*0 square feet in 2 acres. 



4366 



622^ feety the length required. 

3. The length of a rectangular pleasure ground is proposed 
to be lOQO feet, required its breadUi so that it contain 12| 
acres. Ans. 544^ feet 

Nora. Betides the eztentiye use of this Problem in the divilion of commoos, 
&c., it is also nsed to determine the length of frontage of a given quaniltj r of 
building ground, when its depth or breadth is given; or, to determine the 
depth, when the length of frontage is given. 

Problem UI. 

To lay Ota a given quantity of land in the form cfa rect- 
angle, ^ length <}f which shall have a given proportion to its 
breadth: that is, Ae length shall be to the breadth as ^ to I or 
as4to3yOr€u5to2, Sfc. 

Rule.* — ^Divide the given area by the product of the two 
terms of the proportion, and the square root of the quotient, 
multiplied separately by the terms of the proportion^ will give 
the required length and breadth. 

EZAXPLEa. 

1. Lay out 8 acres of land in the form of a rectangle^ the 
length of which shall be to its breadth as 8 to 2. 
3x2 = 6)300QQ0 square links in 3 acres 

50000(223*6 
4 



42)100 

34 links. 

, — 223-6 X 3 = 670-8 length. 

443) 1600 223-6 x 2 ss 447-2 breadth. 

1329 



4466)27100 
26796 



..304 

* Let m X and » a; be the length and breadth of a rectangle, which an 
in the ratio of m: n, and a its area ; then mx X»a? = mn^ = a> ora^ = 



— , or«=^ — • Q. £. 1. 
mn ^ mn 
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2. Lay out 6j- acres in a rectangular form, the ratio of whose 
length and breadth shall be as 5 : 2. 

5x2s: 10)625000 links. 

'''■■> f"' 250 X 5 = 1250 = length. 

^/ 62500 = 250. 250 x 2 = iSOO = breadth. 

3. It is required to lay out a rectangular fish pond, the length 
of which shall be four times its breadth, and its area 10 acres. 

Ans. Length 2000 and breadth 500 links. 

Note. Proportions of this kind are frequently required in laying out orna- 
mental 'groaads^-pdUds^ Ac, in rectangular fbrma 

Pboblem IV. 

To lay but h triangle^ of a given area and a given base, one 
cf the sides ofiohich shall have a given position. 

Rule 1. — ^Divide twice the area by the base for the perpen- 
dicular, which erect at ahy point in the base, and at the ex- 
tremity of the perpendicular and at right iangles to it, range a 
fine tiU it ^et the side given in position, which point of meet- 
ing is the vertex of the triangle required. 

EXAMPLES. 

1. It is required to lay out a triangle A B C to contain 
2a. 2r. I6p. on a base A B of 1200 links, the position of A H, 
of wiiich the side A C is a part, being given. 

By JRule 1. yf H 

2a. 2r. I6p. » 260000 links C/X, c 

2 . " '^ 



1200)520000 X 

433Jlinks:i=€D A d d B 

On tiny pk>int d of the ^ven base AB == 1200 links, erect the 
perpendicular </e t= 433^ links; range cC perpendicular to dc 
tm it nve^t A & in O; then, B C bdng joined, A B C is the 
triangle reqtiired^ For let CD be drawn perpendicular to AB, 
then, by the nature of the construction, C D = o cf. Q. E. I. 

Rule 2.-r-Measure HB perpendicular to AH, the line given 
in p'osTlioh, tblhe end B of the given base, and divide twice the 
given area fay H B, and the quotient is A C> which, being mea- 
sured 6^, will give the point C. 

2. Solve the last example by Rule 2, the perp^dicular B H 
heing 860 links. 

260000 X 2 orxAaKV y K r> 

— —-— = 604*65 Imks = A C 

8'60 
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3* Reqaired the perpendicular of a triangle, containing 26a» 

2r. 28p.y its given base being 3112 link8« 

Ans. 1730^ links, nearly. 
NoTB. This Problem is eztenaively lued in the divinnHi of laadi, commons, 
ftc, as shall be hereafter ahewn. 

Problem V. 

7o lay out a trapezium of giwen area^ the pontions and 
lengths of two. of its adjoining sides being given^ and also the 
position of its third side. 

Rule. — Join the ends of the two adjacent sides, thus forming 
a triangle, the area of which must be found, which area must 
be subtracted from the given area, and the remaining area 
must be laid out in the form of a triangle, on the line joining 
the two given sides, as base, by Prob, IV. 

SZAMPLB. 

Let the given area of the trapezium A B D C be 6 acres, 
A B, AC tiie sides that are given in length and position, and 

CH the position of 
^^^•\ the third side. Join 

BC; measure the per- 
pendicular CP, which 
is found = 840 links, 
and C B = 880 Hnks, 
AB being = 1200 
links; whence the area 
of the triangle ABC 
=600x840=504000 
square links ; and 
600000 — 504000 = 
96000 = area of the triangle BCD; therefore 96000 x 2 -r 
880 = 218^ links = perpendicular DQ; which, it will be seen, 
is applied as in Prob. IV.; thus constituting the required trape- 
zium ABDC. CD may also be found as by Rule 2, Prob, IV. 
Note. This Problem is aUo much used in the diviiion of lands, commons, &c. 

Problem YL 

To lay out a rhomboid of given area^ the lengths of its sides 
being given. 

Rule. — Divide the area by the longer side, subtract the 
square of the quotient from the square of the shorter side, and 
the square root of the remainder is the distance of the perpen- 
dicular from the end of the larger side, which perpendicular, 
being made equal to the quotient first found, gives the breadth 
of the rhomboid. 
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1. The area of a rhom- 
boid is required to be 6 
acres, and its longer and 
shorter sides to be re- 
spectivelj 1200 and 625 
Ihiks, required the place 
and length of its perpen- jr 
dicular. 




£ 




1200) 600000 

500 = perpr. = D E 

6253 == 390625 
500* = 250000 

>/ -140625 = 375 Hnks = AE. 
2. Lay out the figure when its sides are each 4 chains, that 
is, when it is a rhombus, its given area being la. Ir. 24p. 
Ans. 350 links s perpendicular, and its distance 193-6 links. 

Problem Yll, 
To lay out a proposed quantUy of land in a regular polygon. 

BuLiB.— -Divide the area of the proposed polygon, by its cor- 
responding area in the following table, and the square root of 
the result will be the length of its sides. Multiply the side just 
found by the corresponding radius, in the column marked radii, 
and the result will be the radius of the circle that circumscribes 
the required polygon. 

A table of regular polygons^ wUh their names^ areaSy andradu 
of their circumactibing circles^ the sides of the polygons being 
unity. 



No. 
sides. 


Names. 


Areas. 


Radii 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Triangle 

Square 

Pentagon 

Hexagon 

Heptagon......... 

Octagon 

Nonagon 

Decagon 

Undecagon 

Duodecagon 


0-433 
1- 

1-72 
2-598 
3-634 
4-828 
6-182 
7-694 
9-365 
10-196 


0-577 

0-707 

0-851 

1- 

1-152 

1-306 

1-462 

1-619 

1-775 

1-932 



KoTB. If the square of the side of a polygon be multiplied by its correspond- 
log area in the preceding tables the product will be the area of the polygon. 

5» 
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EXAXFLSt. 

1. Lay out an acre of land in a regular heptagon. 

•100000 
Here ^/ -7^^ » 165-88 links as AB. 

o*Oo4 

Also 165-88 X 1-152 s%191-(»liBkisAa 

Congirueium of the heptagon on die protfiidl'^nrovide a 
strong cord, equal In length to the radius of the circomscribiog 
circle of the heptagon, which in this case is 191*09 links, or 
very nearly l^l-^ links; fix one of its ends at o, as a centre, 

and tie the other end to a pointed 
arrow; stretch the cord to A, and 
with the radius O A describe the 
dotted cirde, keeping the arrow 
yertical) and ouiking % mible dr- 
cular mark with it Then take 
the distance AB 9 165-88 links 
on the cord, which being applied 

^ seven times within the circle^ will 

'•— "'B just reach round the circumfer- 

ence, thus forming the heptagon 
required. 
2* Lay out 4 acres of land in a hexagon. 
Am. 992*88 Unks = radius of circumscribing circle and side 
of the hexagon, for both are equal in this figure. 

FBOK.BM VnL 
To lay out a gioen quantity of land in a eircuSlarformu 
Rule. — ^Divide the given area by -7854, and half the square 
root of the quotient win be the radius of the circle. 

EXAMPLES. 

1. Lay out 4 acres of land so that its boundary may be a 

circle. 

Here I ^/ ^^ = 356-8 links = A 0. 

With the radius AO, the circle may be 
described on ihe ground, as in the last 
Problem. 

2. Bequired the radius of a circle containing half an acre 
of land. Ans. 126^ links. 

NoTB. The rales given in the two preceding Problem* aw the inverse of the 
roles for finding the aress of the same figures in werks tnk mena u r a tioB; aad 
their inyestigationa are given in variooa worlm on analytical trigcmemetiT; 
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PROBLEM IX. 

To lay ditt a given quantity of land in the form of an ellipse. 

Rule 'L'-^When one of the diameters is given. Divide the 
given afea Baccessively bj *7854 and the given diameter, and 
the quotient wiU be the other diameter. 

Rule il,*-^fFken the two diameters are required to be in a 
given proportion or ratio. Divide the given area successively 
by '7854 and the product of the terms of the ratio, and the 
square root of the quotient, multiplied separately by the terms 
of the ratio will give the two diameters. 



EXAMPLES. 

1. Lay out 4 acres in an elliptical form, with a tras verse 
diameter T R of 9 chains. 

400000 _ f links = C O, the 
— ^"^ (conjugate diameter. 




By Rule I. , 

'^•7854x900 

Constructitin of an ellipse. — ^Lay off from the centre C of the 
ellipse, dn the transverse TR, tiie distances CF, Cf each equal 
to tiie square root of the di£^-. 
enee of the squares of the two 
semi-diameters; take a strong 
flexible cord, equal to TR, and 
fix its ends at F, /; extend the 
cord to i^ so that it may take 
the position F t/^ and keeping 
the cord continually stretched, 
with ah arrow trace the ellip- 
tical curve TIORO, which 
will be the requiifed boundafy. 

In this case C F = C/ = >/450a — 2832 = 360 links. 

2. Lay out an ellipse to contain 2a. Of*, 92p:, thB proportion 
of the diaiilketers 6f which shall bef as 7 to 4. 

Byltnleit. , 220000 ,^vi ^ ,nn ^ ^Vw 

>/i — H — T^^n = 100 Imks; and 100 x 7 = 700 
4x7x'7854 

links, the transvwse diameter, and 100 X 4 =a 400 links, the 
conjugate. 

Note 1. The iovest^ation of the ndes used ia ihih Ftoblem, are ghren in 
▼ariotu w6rl£s on Conic ^tions. 

KoTB 2. The three last Problems are chiefly of nse in laying out ornamental 
groondai aa the inner area of squares in cities and towns, shrubberies, planta- 
tions in parks, &c. 




108 ULTINO OUT AND DIVIDING LAND. 

Pboblem X. 
To divide any proposed guaniihf of land from a tnangk, by 
a line parallel to one of its sides. 

RuLB.^SiDce the areas of triangles are as the squares of 
their like or homologous sides, we shall have 

Area a ABC : area ^ abc :: AC^ : aCP. 

See Theor. VIIL, Chap. I. 

EXAMPLES. 

1. Let the hase A6 = 
2600 links, A C ts 2000, 
and B C = 1600, cut oif 
6a. Ir. 24p. hy the line ab 
parallel to A B. 

From the three sides 
the area of the triangle 
A B C is fonnd = 1587450 square links, 
and 6a. Ir. 24p. s= 640000 square links^ 

the difference = 947450 s area of a a £ C. 

Then per Rule, 1587450 : 047450 :: 2000* : 2387352; and 

^/ 2387352 s 1545 links = aC; whence 2000 — 1545 s 455 
links = Aa. Again by similar triangles 2000 : 1600 :: 456 : 
364 links = B 6. Therefore, measure on the ground the dis- 
tances A a, B &, just found, respectively from the points A and 
B; and range the line aft, which will divide the given quantity 
AB ba from the triangular field AB C, as required. 

NoTB. In this maimer a trUngle may be divided into any nnmber of equal or 
unequal parts, by lines parallel to any one of its sides, by suooessiTely sab- 
tracting the sums of 2, 3, 4, &c., areas from the area of the triangle^ and making 
the remainders successiyely the second terms of the proportion. 

2. The sides of a triangukr field are 900, 750 and 600 links; 
it is required to cut Oo. 3r. 28p. therefrom, bj a strsught fence 
parallel to its least side. 

Ans. The distance from the ends of the least side, on the 
largest and intermediate sides, are respectively 211^. and 176 
links. 

Problem XI. 

To lay off any given quantity of land from an irregular 
field or common. 

RuLE.-^First find the area of the crooked or irregular part 
by means of offsets, which area must be deducted from the given 
area, after which the remaining area must be laid out by means 
of Problems II., IV,. and V, 
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Case L — ^When one side of the 
field is crooked and two straight 
and parallel. 

EXAMPLE. 

Let aAcBb be a portion of 
a field or common, the side A c B 
being crooked and Aa, B5 pa- 
rallel, the length of A B is 2400 
links, and the area of the offset 
piece A c B is found to be 227500 
square links; it is required to cut 
off 12 acres from the field by a line 
parallel to A B. 

12 acres = 1200000 sq. links 
ofiset piece = 227500 ditto 

( 2)972500 

24-00^ ^ ~- 

( 12)4862-0 -^ . 




105-2=AC=BD 
Therefore, measure the distances 
A G = B D s 405| links on the 
ground, and range the straight 
line C D, then shall the space 
Ai;B D C contain 12 acres. 

Case IL— When all the sides of the field or common are 
crooked. 

example. 

Let aABCD^ 
be a portion of a 
field or common, the 
boundary of which B 
is crooked, it is re- 
quired to part there- 
from 6 acres, by a 
straight fence run- 
ning from D towards 
A. 

Measure the four 
lines AB,BC, CD, 
DA, taking the off- 
sets on the three 
first, and finding the 
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ares of the trapezium A B C D in th^ u^nti. waj, whtch anited 
areas are found to be 570000 square IDakft, the line A D being 
810 links. 

Hence 6 aores s= 600000 sqaare links 
Area A B C D and ofibets = 570000 ditto 



im^tmta 



r 9)30000 

81K)-? 

( 9)333*3 



37*037 
2 

74-074 lihks s±: perpend. Pr. 

Therefore, apply the perpendicular T?r ^ 74*074 links as in 
Ftob. lY.y and range the straight line AP; then shaU the 6 
acres be parted from the field or common as required. 

Fbobleu XII. 

To divide from afield or common^ boUHdedby straighf/eneesy 
any given quantity of land, by a tine parallel to one of the 
etraighi fences. 

Rule. — ^Measure the length of the straight fence or line to 
which the division Une is required to be p^allel; divide the 
given quantity by that length, and set the (]^uotient perpendi- 
cular to the given straight fence, at two points near the ends 
thereof, ranging a line through the extremities of the two per- 
pendicularsy and measuring the length thereof; find the area 
of the trapezoid thus obtained, and take the d^renoe between 
thid area and the given area, which difference, being divided by 
the last measured line, will give the breadth to be set out per- 
pendicularly from the last measured line, either inwardly or 
outwardly, accordingly as the difference is in excess or d^ect 
of the given quantity. 

EXAMPLE 

Let a A B ^ be a portion of a field or common with straight 
fences, it is required to lay out 10a. 2r. I6p. by a line pari^ 
to A B, the length of which is 2200 links. 

(2)1060000 =s lOa. £r. I6p. 

2200^ 

(11)5300 

462 nearly =: pq sa rs. 
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Ill 



Now the perpendiculars pq^ rs 
being set cS, and the line m n mea- 
sured, is found to be 2025 links; whence 

(2200 + 2025} X -Q- = 1018225 8q. links, and 
(1060000*1018225) -r 2025=20*6 Imkei, the 

distance to be set perpendicularly, at 
both ends of mn, to the right thereof) 
because the area cut off by mn is less 
than the given quanity, and the 
straight line C D ranged through the 
extremities of these perpendiculars will 
be parallel to AB, and will cut off the 
required quantity. 

Nans 1. The three last Problems are mach 
used in the indoeiue of oommons, and other iraste 
lands, and more especial^ Problem XHL as tiie 
laying out indosnzes with paraUel fences con- 
tributes Terj much to the eoonomy of ealtivation, 
by thus allowing the ridges to ran from the ends 
of each indosore^ parallel to the two parallel 



B 




A 



1 



mD 



NoTB 2. Those who are aocostomed to operations in analytical trigonometry, 
will find the folbwing formnle mach more ezpeditioos for laying oat land by 
means of parallel fences, as in FroU XIL, e^daUy where a great namber of 
soocessiye indosores are required to be laid out : — ^Let A B s= a, <r ss= sine l^ 
cssssine l-B, 8sa8iii6r(9'4*')»*^^^^<kna^BGD^ which is reqoired to 
ba eat off s them 

BCssI (air- ^/ f (a^ser- 2 AS) ), 

and ABss'bG 

Whence both B C and AD become known without any preUminary measure- 
ment, except that of the side A B and the angles A and B: and by adding the 
next area to be cut off to A, and calling the smn B, asid then sabstitating B 
Ibr A ia tha formokd for B C, the next foOowiBg distances Bb and Aa nay 
be found ; and so on for any number of indosores^— When A and B are sapple^ 
mental angles, the lines Aa» B&, will be paralleU which makes the Problem 
extremdy simple; and when the sum of the angles at A and B are greater than 
two light angles, S becomes negative, and the lines Aa» B^^ will meet on the 
other side of A B. In this case the formoles will become 



BCssg (%/ ^ (as«<r + 2 AS) ^a<r), 

«idAI>sa-Ba 

a 

Kont 8. IiwettigaHon 6f ihB preeedimg forfnuim. As the formule given in 
Hote 2, bi^e never beefrpravfoasly given by any author, it win be proper to 
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glTO their inTCStlgation herei— Let E be the point where Aa, Bb, would meet, 
if prolonged; (this point is not shewn in the flgoie)* then A£ sb •^, BE=s 

-^ aiea of' the triangle ABE a= -— -, and the area of the triangle C D E = 

^-^--A. How beeanse the triangles A BE, CD E» are similar* 
area A ABE: aroaACDE:: BE*: CE*, that is, 

-jg-iYs -^•- -^ : CE«, whence 



BC^BE^CE:=^- -^|f(^- A),or 
BCssBg (a<r^^ i(fl?«o— 2A8)). 

AlsoBE:BC:tAE:AD=st|BC=s-BC. 

BE a 

The other modification of the formnlas for B G, when the point B falla on the 
other side of A B, is derived hy making 8 negative* 



Section n. 

ON DIVIDING LANDS UB COMMONS, OF EITHER EQUAL OB VABIA- 
BLB VALUE, AMONG VABIOUS CLAIMANTS, IN PBOPOBTION TO 
THEIB SEVEBAL CLAIMS. 

Where land is the property of joint purchasers, co-heirs, 
co-partners, &c.; or where a common is to be divided among 
the adjoining proprietors in proportion to the values of their 
several estates ; it becomes requisite to adopt the methods of 
division given in the following Problems, in conjunction with 
the Problems in the preceding Section. The present Section 
will, therefore, present cases of considerable complexity; bat in 
order that these may be clearly understood, the simplest cases 
shall be first presented to the student 

J 

Pboblem I. 

To divide a rectangular piece of ground of equal value 
tkroughouty either equally or umquaily^ among any gvcen nwm* 
ber of claimants^ by fences parallel to one of its sides* 

Case L— If the parts to which the rectangular spaqe is to 
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be divided be equal, it will be only required to divide two of 
the opposite sides of the rectangle into the given number of 
equal parts, and range the lines for the several fences to the 
consecutive points of division, and the land will then be divided 
as required. This appears to be too simple a case to require a 
diagram. 

Case IL— If the rectangular space is to be divided among 
several joint purchasers, who have paid unequal sums for the 
purchase thereof: then use the following 

BuLB.-^As the sum of all the sums paid, is to the length of 
the side of the rectangle from which the division lines abut, so 
is any one person's sum to the breadth on the side of the 
rectangle due to that person ; then divide both this side and 
the one opposite to it, by laying off the resulting breadths, and 
range lines to the corresponding points, and the rectangle will 

be divided by parallel lines, as required. 
NoTB. This is obviously a question of single fellowship. 

EXAMPLE. 

Divide the rectangle _ 
A B C D, the length 
of which is 1470 links 
and its breadth 684 
links, among three 
joint-purchasers P, Q 
and B, who paid for 
the purchase thereof 
respectively £120, 
£150, £220. 

120£ 

160 

220 
links £ 










B 



490 



1470 



£ links 

120 : 360 s Aa ss P's breadth 

150 : 450 = a 6 s Q's ditto 

220 : 660 s & D sr B's ditto 



Whole breadth 1470 which proves the work. 

Note. In this operation the breadth of the rectangle, which is common to 
all the three divisions, is not ijeqnired to be used. 

Pboblem II. 

To divide a triangle of equal value throughout^ either equally 
or uneqtuiUy^ among several claimants^ who shall all have the 
use of the same watering-place^ situated at one of Hie angles of 
the triangular field, 
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EXAKPLB. 

It 18 required to divide the tri- 
angolar field ABC ftmong three 
penonS) whoee claims therein are as 
the namben 2. 3 akid 5, so that thej 
may all have the use of a waftering- 
^ a b B place situate at the tagle C; A B 

bein<^ &x 1000, AGs 685, and C B 610 Hnks» 
The rule in this Problem is the same as in the last 
As 2 + 8 + 5 ab 10 : 1000 :: 2 : 200 dfe Atz, 

5 : 500ttt:^B; 

which are the portions of the base AB, belon^g to th^ re- 
spective claimants; therefore, if lines be drawn from a and b 
to C, the triangular field will be divided in the required pro- 
portion, each claimant having the use of the watering-place 
at C. 

NoTB. In aolvliig ibis Problem it Is not necessary to use the lengths of the 
sides AC, C Q, because all the three triangles ACo, aCh, &CB have a tx>m- 
mon perpendicolar; and, therefore^ their areas are as their bases. 

Problem ILL 
To divide a triangular field of equal vahiB Aton^houiy eiiker 
equally or unequaUy^ among sundry clammtts, by fences run* 
ningfrom any given pomt m one of Us sides. 

The method of solving this Problem will be best shewn by 
the following 

EXAMPLE. 

Divide the triangnlar field ABC, the sides of which measure 
30 chains =s AB, 23 s: B C, and 19 s AC, equally among 
three persons, by fences running from an occupation road that 
meets the side A B at H, which is 14 chains from A, that all 
the three persons may have the use of the road at H. 

Divide AB into three 
^ual parts in tbte points 
D, E; from H, (the 
point where the road 
inefets A B) draw H 0; 
parallel to which draw 
DP, EG meeting AC, 
B C respectively, in F 
aAd 6; and join HF 
and H G, in whic^ di- 
i^ectiocis f^ces being 
made, will divide the triangle as required. 




As AH 

that is, 1400 

and HB 

that is, 1600 



AP. 

13571^1inks = AF; 

1437}1in\8=:BG. 
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KoTB. This method of mlntion U founded on the treas of triangles between 
the same paraUels beiog equal : Datit may be solved by actual mMsorement on 
the ground, by meana ^ the following preliminary calculation. 

ilnothsb method. 

AC :: ADs^AB 
1900 : : 1000 

BC ::'EB = iAB 
2300 : : 1000 

whence the distances AF and B 6 maj be measured from A 

and B ; and from the points F and 6 the fences of division 

may Hien be drawn to H. 

Note. When the chiima of the several penons un nneq[aal, it will be readily 
seen that A B is then only requind to be divided in the proporfien of Ae several 
claims, as in the preoeding Problem, after whidi the solution will be the same, 
as that jnst given. 

Peoblem IV. 

To divide an vrregulaT field with any number of sides among 

sundry cknmantSf so that they may att have Ae use <if a pondy 

situated at a given point within the field. 

NoTB. The method of solving -this Problem will be bett seen ttom the method 
adopted in the following Ezamj^e, in ^onjonccfeii withihe preoeding Problems* 

EXAMPLE. 

Three persons Q, B, and S, bought a five sided field 
ABODE, having a pond therein at P; for which they paid 
Tcspeetivelj £100, £150, 
and £200; it is required ^ D 

to divide the field into 
pa^ in proportion to 
each person's claim, and 
so that each may have 
the sse of the pond P, 
the quality of the land 
being equal throughout. 
The lengths of tbe sides 
and the perpendiculars 
on each of them to the 
centre of the pond F are 
as below, thus constitut- 
ing five triangles. 




ABr:^864 


Pa = 5eo 


B C = 827 


P6ss608 


C D = 806 


Pe a 480 


D£ = 682 


P<ls=544 


£As990 


Pe ^540 
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By mtiltipljing eaah side by half the perpendicular thereon, 
the sam of the five products will be the area of the field ; thus, 

864 X 280 = 241920 = area of AP B, 

827 X 304 = 251408 = BPC, 

806 X 240 = 193440 = CPD, 

682 X 272 =r 185504 = DPE, 

990 X 270 = 267300 =s EPA. 



sum ss 11*39572 ss acres, the area of the field. 

The sums paid fo^ the field by Qt B> and S, are as the num- 
bers 2, 3, and 4| the sum of which is 9 ; therefore, 



9 



11*39572 :: 2 : 2-53238 s Q's share, 

3 : 3-79857 = R's do. 

4 : 5-06476 = S's do. 






Let DP be assumed the divisional fence between Q and S's 
shares; then the area of the triangle D P £ ss 1*85504 acres is 
less than Q*s share, therefore 

2-53238 ss Q's share, 
1-85504 s area of DPE, 

*67734 ss difference. 

This difference must be taken from the triangle E P A to 
complete Q's share; this is best done by dividing the said dif- 
ference by half the perpendicular Pe of the triangle EPA and 
the quotient will be the distance E M: thus, 

^Pe =: 270) 67736 (250-85 links ss E M. 

The distance EM, being nearly 251 links must now be 
measured from E on E A which will give the point M, and^ 
a straight fence being set out from M to P« will cut off Q's 
ihare. 

The remainder of the triangle EPA viz. 2-67300 — -67734 
ss 1-99566 is less than B's share, therefore, 

3-79857 ss B's share, 
I 99566 ss area MP A, 

1*80291 s= difference. 

This difference must be taken from the triangle APB to 
complete B's share, as before: thus, 

^Pa ss 280) 1-80291 (643*9 links = AN. 

This distance being measured from A towards B, will give 
the point N; and, the fence NP being now set out, will divide 
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the field as required ; the triangles NPB, BFC» CPD 
making up the exact quantity required for S's share, as may be 
readily shewn by adding their three areas together, which will 
proTe the accuracy of the work : thus, 

864 = AB 

643-9 = A N 



difference 220*1 =NB 

280=^ Pa 



616280 = area N P B 

251408 = PBC 

193440 = CPD 



sum 5*06476 = S's share, which proves the work. 

Note 1. If some or all of the fences of the field ABODE had been crooked, 
the operation of division would have been the same, excepting that the quan- 
tities of the offsets would have to be taken into the account, thus making a little 
additional calculation. It will at once be seen that this method of division may 
be extended to any number of claimants, whatever be the shape of the ground 
to be divided, the dotted lines from P to the angles of the field not requiring to 
be measured. 

NoTB 2. All the surveyors, who have written on the subject of this Problem, 
use what they call **guet8 lines ** to efiect the division, and correct the resulting 
errors by dividing the double quantities in excess or defect by these ** guess 
Unes** for the perpendiculars to determine the correct positions at the divisional 
fences. The student will at once perceive that this is a circuitous, blundering, 
and unscientific method of proceeding, and should be avoided in every case, 
except where the boundary is very crooked, and the divisional fences are not 
Tequh«d to be continuous straight lines. 

Note 3. In this Problem the division is effecteil and proved without the aid 
of a plan, but it would, perhaps, be better for the satisfaction of the claimants, 
as well as for the surveyor himself to plan the whole of the work ; especially m 
an error in the work might thus be more readily detected. 

Pboblem V. 

To set out from afield or common of variable value, a quan* 
Hty of land, that shall have a given value, by a straight fence in 
a given direction, 

NoTK. This Problem presents a great variety of cases, the most simple of 
which shall be first produced. 

Casb L — C AB D is a portion of a straight-sided field, right 
angled at A and B, and P Q a right line, also at right angles 
to AB, dividing the field into portions of different valaes; 
it is required to lay off a quantity of land a A B 3 of given 
value, by a straight fence a b parallel to A B, 

N.B. lineSi such as P Q^ are technically called quality lines. 
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Bulb.— -Multiply AF, PB» respeei&vdj, by the ralae of the 
a^diiuiig landt take the anm of the prodactB, dmde the valne 
of the whole portion to be laid off with five cyphers annexed 
by thiB BQZD, and the qaotient will be tiie required Iweadth Aa 
orB& 



Let AP = 500, PB = 700 
links; the yalue of the land 
between A C and P Q £50, and 
that between P Q and B D £80 
per acre; it is required to lay 
out land to the value of £300, 
by a straight fence a b parallel 
to AB. 



Q 

■mm •••m^^mm, ^ 



Here 



500 X 50 
700 X 80 




25000 
56000 



81000 S3 sum of products; and 



9)30000KXX) = £300 with 5 cyphers annexed, 



81000-{ 9)3333-3' 






870-37 = 370^ links nearly = Aa = B6. 

Note 1. If the <* quality line** P Q be not perpendicular to A B, it may be 
made bo by '^giriiig and taking;'* especially aa the required breadth A a may 
be nearly known by a rough calculation ; bestdea, thia libe^ with the quality 
line is usually adniUted, ainee the exact' boundary of difibrent quiditiea of lands 
cannot be accurately ddlned. 

NoTB 2. This Problem is of groat Impoitanee^ as land of variable quality is 
very frequently required to be l&id out, in the enclosure of extensive commons, 
by straight fences in given directfons for the purposes eRher of drainage or of 
irrigation. If any crooked portion of the land to be inclosed, lie to the left of 
A B, it must be meaisured, valued, and deducted from the whole value of the 
land to be laid out; then the Uule, here given, may be applied to the remain- 
ing value. 

Note 3. If the three parallel straight linea Ao, B(, PQ, are not at the same 
time perpendicular to A B; the Rule just given, will equally api^y, ezceptiDg 
that the distance of a 6 from A B must be laid off perpendicuUily to A B. 

Note 4. This rule for laying out land of variable quality has not, to my 
knowledge, been given by any previous author, the misthod of performing so 
simple an operation having been invariably by approximating to the true quan- 
tity by means of ** guess lines.**— ^—/fivesttj^aHon of the Rule. Put A P = (h 
PB sss bt. An SOB Bb ss a, n ssTShie of land ubove PQ^ n ss value of land 
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below it^ V ss whole Talne to be laid <mt| and 2=iis%a«r»liii]n in one acre: 

Aftt jW O fL flS 

then -T-'ss yalneof land adjoining AP and -7—= "^IB^ adjoining PB; 



therefore — 1 — |- -7- = V; whence 



IV 



oot+Tb* 



Q.E.L 



This rale may be obvioody extended to any nwnber of different qoalities of 
land, bounded by parallel quality llneSp by multiplying the breadtii of eadi 
quality by its price, wd taking the sum of a^ the prodoots for a diviaor. 

Case XL — ^Whea the divisional line is required to pass 
through a givaa point W, where an occupation road and wa- 
tering place is situated, which is to be used by the owners of 
three or more shares of a common of variable value. 

The method of proceeding in this case will be best under- 
stood from the following 

EXAMPLE. 

Let D A B C £ be a portion of a common of variable value, 
Wa watering p]ace,and JW aroad, 
forming part of the divisional line : 
it is required to set out a quantity 
of land of a given value Y by a 
straight fence W b; m being :^ 
value of land between PQ and ES^, 
» = value between RSs and T «» 
= value between Tu and CE, 
and^ = value between PQ and AdJ 
the quantity of which is given by 
boundaries already determined. 

First draw W F perpendicular to 
C £, and find the value of the land 
to the left of a W F, let this value 
=: V which in this case is assumed to be less than the given 
value Y; therefore, the quantity of land required to the right 
of W F will be Y — r, which put = Y, and having adjusted 
the portions of the quality lines S«, IJtf perpendicular to WF, 
M per Note 1, Case L, let WS = a, S U = 6, U F = c, 
their sum, or the whole distance, W F = «, and F 6 = a?, 
the symbols denoting the different values of the land being 
given in the example, and / = square links in an acres : then 

^^ 2lsY ^ 

a:^m.'{' {2a-\- d)bn -\- {2a -^ 2b -^ c)co * 
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which distance being measured, the straight fence Wb mar 
now be set out, and the other shares to the right of dW b may 
be next proceeded with, according to the method given in this 
or the following cases. 

THE ABOTB EXAMPLE IN NUMBERS. 

WS = a = 460, 8U=:^=400, U F = c = 420 links; 
the values are m ss £30, n s= £40, and o = £60 per acre ; and 
the value Y' = £80: required the distance Fb or x hj the 
preceding formula. 

Hen «ssa 4- h + ess460 + 400 + 420 = 1280 links, whence 

2 X 12SQX 100000 X 80 

460=>X304-(920 + 400)X40^)X40 + (920H-8004-420)X420X60 
20480000*000 00*71 i* 1 -r^ l 

= 76685.000 = 267i links = F*. 
which determines the position of the fence W b, 

NoTB. This method poMesees the adyantage of being practicable on thegromid 
without the help of either a map or gaees-line ; however, in the case of the 
division of commons a map is always necessary for the satisfaction of the several 
parties interested therein.— rA« invetUgaium of/amwla here given, is founded 
on similar triangles combined with the same principle as that in Case I. If 
there be less than three different qualities of land to be laid oat, the symbols 
referring to the additional qnalities, most be made to vanish in the formula; 
and, if there be more than three qnalities to be laid oat the law for the exten- 
sion of the formula is obvious. 

Case III. — To set out from a field or common of any form, 
and of variable value, a quantity of land of given value by a 
straight fence in a given direction. 

EXAMPLE. 

Let C A B D be a portion of a common, of variable value, 

from which it is required to set 
out a quantity of land of a given 
value V, by a straight fence ab 
parallel to B N, the quality lines 
P Q, B S being so adjusted as 
to be perpendicular to B N at |> 
and r respectively, as per Note 
1, Case I., and the value of the 
land between A C, P Q being = 
i», between P Q, R S = n, and 
between B S, B D = o. 

First find the value of the 
land in the triangle A N B, and if the fence A B had been 
crooked, the offsets would have to be included 5 the value of 
the land to the left of B N being supposed to be less than 
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is required to make up the given value Y. Let the value of 
the land in the triangle A N B s: v, then the value of the land 
still remaining to be set out will be Y — i', which put = Y', 
let Nji ss Oy pr 9s b, rB xs c, p q ss r s ^= »t cot. of the 
angle CNB =s 2^ and cot. of the angle DBN =s 2/3, the 
symbols denoting the different values of the land being al- 
ready given in the example, and / ss square links in an acre ; 
then 

a?^ =pq or rs; 

which distance may be set out at any two points perpendicular 
to NB; and, if the land in question be a common, requiring 
the shares of several claimants to be set out, the quality lines 
may be again adjusted to the right of a 6, and the next share 
may then be set out as before. 

KoTB 1. The investigation of the general formnla, just given^ is the same in 
principle as those in the preceding cases, being only a littie more complex, on 
account of the land to be set oat not being rectangolar, and therefore involving 
the solution of a qoadratic equation, thus giving an opparent complexity to the 
result which will doubtless startle the generality of surveyors, who are accus- 
tomed to use **ffuess Hms" when even the most trifling difficulty occurs, thus 
making repeated approximations to obtain the position of the correct divisional 
fences, which may be obtained at once by these methods, with even less calcu- 
lation than by guess lin^ without naming the repeated measurements accom- 
panying these bungling operations. It would, therefore, appear that neither 
the surveyors, nor the writers on this department of surveymg, have bad the 
least acquaintance with the Bfathematics, otherwise the results here given* 
which are comparatively void of extreme complexity, would have been known 
long ago. 

NoTB 2. When one or both of the angles CNB, D B N are obtuse, their 
I cotangents a and jS wiU be one or both negative respectively ; and when these 
angles are right one% their cotangents vanish ; and the formula for the perpen- 
dicular breadth |) 2 or rs becomes. 

am + 6» -f- CO ^^ * 
which is the same as the formida given in Case I., as it obviously ought to be. 

Case IV. — ^When the boundarv of the land to be laid out is 
very irregular, also when part of the divisional fence is prede- 
termined, either for the purpose of drainage or irrigation, and 
when the quality lines run irregularly. 

SXAMPti:. 

Let C A B D be the boundary of a portion of common, from 
which it is required to lay out a portion of land of variable 
valuer part of the divisional fence of which it is desirable to 
have in the direction of a watercourse abed, and the remainder 
of the divisional fence to run from d tof. 

6 
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Join df^ and find the valae 
of the land indaded thereby and 
the other bonndaries In qae9- 
ticm, and, this yalne being found 
less than the required valae, the 
remaining land still required 
may be determined by assuming 
two lines, so as to form a tri* 
angle on dfy as a base, till the 
correct position of the remaining 
part d ef of the divisional fence 
shall be ascertidned, it being 
advisable to let the angle e, in 
the required fence, faU on the 
quality line P Q, for the purpose of more readily calculating 
the areas of the two triangles formed thereby, and from thence 
finding their values. 

NoTB. It will here be proper to notice that surveyors who are nntoeastomed 
to use mathematical formala, will more readily and accurately make the diy>- 
sioDs of commons, &c^ by means of assumed or guess lines, than by the methods 
I have given in the three first Gases of this Problem, llieir not having had 
any practice beyond finding the areas of triangles, ftic, gives them little confi- 
dance in more sdentific methods, which they therefore view as chimeras, or at 
best as methods very difficult to be understood. It is to be hoped that the 
very general diffusion of science at the present day will root out this ignorant 
prejudice. 

Problem YL 

Case I. — To divide a common of uniform value among any 
number of proprietors^ in proportion to the values of their re- 
spective estates* 

In this case, the quantities and values per acre of each pro- 
prietor's estate must be determined, by survey if necessary, 
and the map, with the quantity of the common, must also be 
prepared; the value of the common, being uniform, is not 
required. 

TO FIND EACH PBOPBIETOR's SHABE. 

BuLE. — As the sum of the values of each person's estate : 
the whole quantity of common to be divided \i the value of 
each person's estate : to that person's share. 

EXAMPLE. 

Divide a common of 100 acres among three persons, A, Bj- 
and C; A's estate is 120 acres at £4 per acre, B's is 180 aci 
at £5 per acre, and C's 260 acres at £2 per acre* 



BIYIBING LAND AMONG TABIOUS CLAIMANTS. 123 
£ £ 

120 X 4 = 480 
180 X 5 = 900 
260 X 2 = 520 

acres a, r» p. 



1900 



100 



480 : 26 1 2-1 = A's share, 
900 ; 47 1 18-9 = B's do. . 
520 : 27 1 18-9 ^ C's do. 



99 3 39-9 proof. 

The quantity of each person's share being now determined, 
the common may be divided by one or other of the methods 
already given. 

Case II.-* To divide a common of variahh value among any 
number ofdaimants^ in proportion to the values of their re^ec" 
tive estates. 

In this case, the map of the common with the quantity of 
every different quality of land thereon, must be pr^ared, as well 
as the quantities and qualities of the several parts of each 
claimant's estate, in order that the values of both the cmnmon 
and each person's estate may be properly ascertained; the 
quality lines on the common being marked out by the valuer 
or valuers, previous to the survey being made. 

When the survey of the- common is c<»npleted and mapped, 
with the quality lines laid down thereon, the several qualities 
must be number 1, 2, 3, &c., with the values of the land cor- * 
responding to each number, as determined by the valuers, who 
are usually called *^ Commissioners," Host surveyors use the 
letters of the alphabet to denote the different values of the land: 
thus a may represent five shillings, b six shillings, &c., per 
acre per annum. By using the letters in this manner a mul* 
tiplidty of figures,. which may be confounded with other nnm* 
bers, is avoided. 

BOADS, QUABBIBS, WATEBING PLACES, &C., BEQDIBED TO BE SET 
OUT PBEVIOUS TO ENCLOSING COMMONS, WASTES, &C. 

Before the lands of a common 'or waste can be divided and 
allotted, both public and occupation roads must be set out in 
the most eonvenient manner; they should be straight and, as far 
as practicable, at right angles to one another, as this arrange- 
ment vol onfy facilitates the division of the land, but contributes 
greatly to. the ecoQQOty of cukivation with the plough. All old 
roads that may be deemed unnecessary may be atopped up and 
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allotted to the different claimants, or diverted into more cod* 
venient directions, at the discretion of the Commissioners. 

Portions of the common are now to be set apart for quarries, 
sand or gravel pits, if snch abound in the common. The 
ground, thus set out, is considered as the common property of 
the several claimants, for the purpose of building, making roads, 
&c. Also) if there are an j good springs or ponds on the com* 
mon, they must be left unendosed, in Uke manner, 'for common 
use ; or the water must be conveyed from them by drains or 
channels to more convenient situations, previous to the enclo- 
sure of the common. 

The lord of the manor in some places claims -^h of the com- 
mon, in some iV^* ^* ^^ claim, whatever it be, must be 
next set out, after its value has been determined from the whole 
value of the common. The lord of the manor will also be far- 
ther entitled to his share of common, in proportion to his pro- 
perty, in the same manner as the other proprietors. 

lastly, when the roads, watering places, quarries, sand and 
gravel pits, and manorial rights have been set out, the re- 
mainder of the common must be divided equitably, as it respects 
quantity, quality, and situation, among the proprietors of lands, 
tenements, houses, cottages, &c., situated in the parish or town- 
ship where the inelosure is to be made. 

THE METBOD OF DIVIDING AND ALLOTTING THE BSMAINING 

PAST OF THE COMMON. 

Having found the sum of the values of each proprietor's 
estate, and the whole value of the remaining part of the common 
to be divided, proceed to find the value of each proprietor's 
share by the foUowing 

BuLE.-^As the sum of the value of each proprietor's estate, 
is to the whole value of the common remaining to be divided, 
so is the value of eadi proprietor's estate to his share of the 
value of the common. 

It will be quite unnecessary to give an example in this case, 
as the laying out of the shares of the aeveral claimants, after 
their respective values have been found by the above Rule, 
would only be a repetition of the methods already given, on a 
large scale ; and after the work of laying out the several indo- 
sures on the ground has been completed, the last endosure or 
share of the common must be of the same value as that assigned 
by the rule, or so very near to it that the error is of no im- 
portance; otherwise a mistake has been made which nrast be 
immediatdy rectified. 
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For further information respecting the law for the inclosnre 
of comtnons, waste lands, &c., the student may consult the 
following 

ACTS OF PARLIAMENTS. 

GENERAL ACT. 

"An Act for consolidating in one A^ certain provisions 
ttsuallj inserted in Acts of Inclosnre ; and for facilitating the 
mode of proving the several facts, usually required on the 
passing of such Acts." (Act. 41 Geo. Ill, chap. 109. 1801.) 

Since the General Act, the following A^cts have been passed, 
relating to indosures. 

1. '' An Act to amend the Law respecting the incbsing of 
open fields, pastures, moors, commons, and waste lands in Eng- 
land." (Act 1 & 2 Geo. IV. chap. 23; April 19th, 1821.) 

2. << An Act for facilitating the inclosure of open and arable 
fields in England and Wales." (Act 6 & 7 Will. IV. chap. 115 ; 
August 20th, 1836.) 

' 3. " An Act to extend the Powers and Provisions of the 
several Acts relating to the inclosure of open and arable fields 
in England and Wales." (Act 3 & 4 Vict chap. 31 ; July 
23rd, 1840.) 

4. ** An Act to facilitate the inclosure and improvement of 
commons and lands held in common, the exchange of lands, and 
the division of intermixed lands ; to provide remedies for de- 
fective or incomplete Executions, and for the non-execution of 
the Powers of general and local Inclosure Acts; and to provide 
for the revival of such Powers in certain cases." (Act 8 & 9 
Vict. chap. 118; August 8th, 1845.) 

5. '* An Act to amend, the Act to facilitate the inclosure and 
improvement of commons." (Act 9 & 10 Vict. chap. 70; August 
26th, 1846.) 

Note. All the above Acts may be procured throagh any bookseller in town 
or country. 
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ENGINEERING SURVEYING. 



PART ir. 

LEVELLING. 
CHAPTER L 

DEFINITION OP LEVELLING. 

Bt the art of levelling the inequalities of the upper boundary 
of any section of the earth's surface may be shewn, and thence 
may be determined the several heights of any number of points 
in that boundary, above or below an assumed line, called a level 
line ; though, in reality, this line is a great circle of the earth, 
and is such as would be derived from a section of the surface 
of still water. 

LETBLLING INSTRUMENTS. 

(1.) LeveUing instrum^its all depend on the action of gra-* 
vity : of these the plumb-line, on which the mason's level de* 
pends, is the most simple ; but it cannot be used in extensive 
operations, on account of its practical inconvenience* . The 
fluid, or water level, in all its modifications, is also found in- 
convenient for extensive practice. 

(2.) Spirit levels are now commonly used, as the most ac- 
curate instruments for finding the differences of level, or ver- 
tical distances between two stations : of these there are three, 
which we shall proceed to describe, namely^ the Y level, 
Troughton's, and Gravatt's levels. 

THE y LEVEL. 
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The foregoing flgtire represents this instrument A is an 
achromatic telescope, resting on two supporters, which in shape 
resemble the letter Y; hence the name of the instrument The 
lower ends of these supporters are let perpendicularly into a 
strong brass bar, which carries a compass box C. ^This com- 
pass is ccmvenient for taking bearings, and has a contrivance 
for throwing the needle off its centre, when not in use. One 
of the T supporters is fitted into a socket, and can be raised or 
lowered by the screw B. 

Beneath the compass box, which is genei^lly of one piece 
with this bar, is a conical axis passing through the upper of two 
parallel plates, and terminating in a ball supported by a socket. 
Immediately above the upper parallel plate is a coUar, which 
can be made to embrace the conical axis tightly by turning the 
clamping screw E ; and a slow horizontal motion can be given 
to the instrument by means of the tangent screw D. The two 
parallel plates are connected together by the ball and socket 
already mentioned, and are set firm by four mill-headed screws, 
which turn in sockets fixed to the lower plate, while their heads 
press against the under side of the upper plate, and thus serve 
the purpose of setting the instrument truly level 

Beneath the lower parallel plate is a female screw, adapted 
to the staff head, which is connected with brass joints to three 
mahogany legs, of exactly the same construction as those already 
described for supporting the theodolite. 

The spirit level / / is fixed to the telescope by a joint at one 
end, and a capstan-headed screw at the other, to raise or de- 
press it for adjustment. 

(3.) Previous to using this instrument the following adjust- 
ments must be attended to. 

1. The Adjustments of the telescope for parallax and collima" 
turn* 

2. The ac^ustment of the bubble tube, 

Z. The adjustment of the axis of the telescope perpendicularly 
to the vertical axis, 

1. The adjustment for parallax and colUmation have already 
been described, (p. 76,) being the same as those required for 
the theodolite. 

2. The adjustment of the bubble tube, — Move the telescope 
till it lies in the direction of two of the parallel plate screws, 
and by giving motion to these screws bring the air-bubble to 
the centre of its run. Now reverse the telescope carefully in 
the Ys, that is, change the places of its ends ; and should the 
bubble . not settle in the same point of the tube as before, it 
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shews that the babUe tube is oat of B^jastment, and reqisres 
OMTectiog. The end to which the bubble retireB mast then be 
noticed, sod the bobble nude to return one half the diatuioe by 
turning the parallel pUte screws, and tbe other half by turaing 
the capetan-headed screwi at the end of the bubble tube. The 
telescope mnrt now again be reversed, and the opontitHi re* 
peated, until the bubble settles at tbe same point of the tube, in 
the centre of its ran, is both positions of the instrument. The 
a^ustment is then perfect, and the clips that confine tbe tele- 
scope in the Yh should be made fast 

S. nuadjMMtmemto/Aeaxitt^AeteleKxpeperpendiaiktrly 
to the vertustd axil. — Place the tdescope over two of the 
parallel plate screws, and move them, unscrewing one while 
screwing up the other, until the babble of tbe lerel settles in 
the centre of its run; then turn the instrument half round on 
its vertical axis, so that the contrary ends of the telescope may 
be over the same two screws, and, if the bubble does not again 
settle in the same point as bef(x«, half the error must be cor- 
rected by turning the screw B, and the other half by turning 
tbe two paralld plate screws, over which the telescope ia placed. 
Next turn the telescope a quarter round, that it may be over 
the other two screws, and repeat the same process with these 
two screws; and when, after a few trials, the bubble maintains 
the same position in the centre of its run, while the telescope is 
tnrued round on the vertical axis, this axis will be truly ver- 
tical ; and the axis of the telescope being horizontal, by reason 
of the previous at^nstment of the bubble tube, will be perpen- 
dicular to the vertical axis, and remain truly horizontal, while 
the telescope is turned completely round. The adjustment is 
therefore perfect. 

TBOtJOHTON'S LEIVKL. 



(4.) In this level the telescope T rests close down npon tiie 
horizontal bar b b, the spirit level ll\s permanently flx^ to the 
top ofthe telescope, and does not therefore admit of adjustment; 
and tbe compass box C is supported above the level by four 
small pillars, attached to the horizontal bar. This construction 
makes the instrument very firm and compact Its parallel 
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plates and supporting parts are the same as those already de- 
scribed for the theodolite. 

The diaphragm is furnished with three threadi, two of them 
Tenical, between which the levelling staff naj be seen, and the 
third, horizontal, gives the reading of the staff by its coin- 
cidence with Mie of the gradnations marked upon it. Some- 
times a pearl micrometer scale is fixed on the diaphragm, 
instead of the wires. The central division on the scale, in this 
case, indicates the collimatiDg point, and by its coincidence 
with a division of the levelling staff gives the required reading 
on the staff; and the scale serves the purpose of measuring 
distances approximately, and of determining stations nearly 
equidistant from the instmment, since at such equal distances 
the staff will subtend the same number of divisions on the mi- 
crometer scale. 

The line of coUimalion is set perpendicular to the vertical 
axis, in the same manner as in the theodolite already described. 

This level is pref^ed by many, on account of its adjust- 
menla not being likely, after they are once perfected, to become 
deranged. 

GBATATT'e LEVEL. 



(5.) This instrument is furnished with an object-glass of 
Ui^ aperture, and short focal length; and, suScieiit light 
being thus obtained to admit of a higher magnifying power in 
the eye-glass, the advantages of a much larger instrument are 
secursd, without the inconvenience of its length ;— it is hence 
called " the dumpy," The diaphragm is carried by the internal 
tube a a, which is nearly equal in length to the external tube. 
The extMnal tube T T is sprang at its aperture, and gives a 
steady and even motim to the internal tube a a, which is thrust 
out, and drawn in, to adjust the focus to objects at different 
distances by means of the milled headed screw A. The spirit 
level is placed above the telescope, and attached to it by cap- 
stan-headed screws, one at each end, by means of which the 
bubble can be brought to the centre of its run, as in the case of 
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the T level, already described. The telescope is attached to i 
horizontal bar ia a similar manner as Troughton'a level, but 
i-oom is just left between the telescope and bar for the compa^ 
box. A cross level k is placed upon the telesct^ at right 
angles to the principal level II, by which we are enabled to set 
up the instrument at once nearly vertical. A mirror m mounted 
upon a hinge-joint is placed at the end of the level II, eo that 
the observer, while reading the stafi^ caa at the same time see 
that the inatiument retains its proper position — a precaution by 
no means unnecessarj in windy weather, or on soft spougj 
ground. 

The telescope is attached to the main bar by capstan-headed 
screws B B, as in Trooghton's level, by which the line of colli- 
mation is set perpendicular to the vertical axis; and the instru- 
ment is set upon parallel plates, 8ec., like the theodolite and the 
levels already described. This level is much preferred and 
used by many engineers. 

(6.) After having treated of the more perfect levelling in- 
struments, it wilt now be proper to describe the water l^l, a 
very simple instrument, adapted to give a rapid delineatioo of 
any section of the earth's surface, where very strict accuracy is 
not required. It can be made by any workman, will cost bat a 
few shillinfrs, and requires no adjustment when using it. It m 
(/really to be recommended to farmen for detenmning the levels 
for draining t^eir iimdt. 



"ah is a hollow tube of brass, about half an inch in dia- 
meter, and about three feet long; c and (/ore short pieces of 
brass tube of larger diameter, into which the long tube is sol- 
dered, and are for the purpose of receiving the two small bottles 
t KoAf, the ends of which, after the bottoms have been cut o£ 
by tying a piece of string round them when heated, are fixed in 
their positions by putty or white lead; the projecting short 
axis g works in a hollow brass cylinder h, which forms the lop 
of a stundi but it may be made in a variety of ways, so «s to 
tevolve on any light portable stand. The tube when required 
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tor tise, Is filled with water, coloured with lake or indigo, till it 
nearly reaches the necks of the bottles, which are then corked 
for the convenience of carriage. On setting the stand tolerably 
level with the eye, these corks are. both withdrawn, which must 
be done carefully, and when the tube is nearly, level, otherwise 
the water will be ejected from one of the bottles ; and the sur- 
face of the water in the bottles, being necessarily on the same 
level, gives a horizontal line in whatever direction the tube is 
turned, by which the vane of a levelling staff may be adjusted.'* 

LEVELLING STAVES. 

(6.) The best constructed levelling staff (Gravatt's) consists 
of three parts sliding one within another, and, when opened out 
for use, forms a staff 17 feet long, jointed together something 
after the manner of a fishing rod* The whole length is divided 
into hundredths of a foot, alternately coloured black and white, 
and occupying half the breadth of the staff; but for distinctness 
the lines denoting tenths of feet are continued the whole 
breadth, every half foot or ^ve tenths being distinguished by a 
conspicuous black dot on each side, the whole feet being num-* 
bered with the figures 1, 2, 3, &c. 

CORRECTION FOR CURVATURE. 

(7.) Let E D E be a horizontal line, that is, such as would 

be given by the line of sight of a level, properly adjusted; 

B C F an arc of a great circle of the earth, and A its centre* 

It will at once appear from the 

figure, that the heights DC, EF, of 

the apparent level BE, above the 

true level increase successively from 

the point B. The height E F of the 

apparent level above the true, is 

equal to the square of the distance 

B E divided by twice the earth*s 

B E^ 
radius AB, that is EF s= =rr^,* 

2AB 

BD^ 
and similarly D C t= * . .p , &c.) 

therefore the corrections for curva- 
ture, DC, E F, &c., vary as the 

squares of the distances BD, BE, 8&c., since 2AB Is a constant 
quantity. 
Taking the earth's radius to be 3979 miles, and assuming the 

 The demonstration of this formula is given in my editicHi <rf Nesbit's Sur* 
^^in& p. 348» 
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distance B D to be 1 mile, then the correction for (hurvstim 

DC s BD> -^ 2 AB :* P -^ 7958 » 7^ of a mile » 7-962 

inches as nearly 8 inches. If the distance BE s 3 miles, then 

the correction £F a BE^ -r 2 AB « y^ s 71*668 inches, 

or nearly 6 feet 

Let any distance B D a (f in miles, and the correction for 

corvature for 1 mile be taken s 8 inches a } of a foot, which 

it is yery nearly; then 

2d* ^ 
correction s= — r- feet, 

o 

for any distance d in miles: 

and let ^^ dj c being chains ; then 

2rfa 2 X 12c2 c* . ^ 
correction «x -^ « 3 x 80» * 8i56 "'"^^ 

for any distance c in chains. 

COBBBCTtOir COB BEFBACTION. 

(8.) The effect of the earth's curvature is modified by another 
cause, arising from optical deception, namely, refracUon ; the 
correction for which varies with the state of the atmosphere, but 
it may generaUy be taken at ^ of the correction for curvature, as 
an average; and since refraction makes objects appear higher 
than they realty are, the correction for it must be deducted from 
that for curvature. 

EXAMPLES. 

1. Bequired the correction for curvature and refraction^ when 
the distance of the object is 2^ miles. 

- X (2'5*) =s as 4*166 cor. for curvature. 

•f of which b.... » '595 cor. for refraction. 

Difference 3'57i feet, cor. required. 

2. Required the correction, as in the last example) when the 
distance is 60 chains. 

60" -f 800 :9b 4.5 cor. for curvature. 
* I of Which is *64d cor. for refraction. 

Difference ..» 8'857 inches^ cor. required. 

3. From a point in the Folkstone road, the top of the keep of 
Dover Castle was observed to coincide with the horizontal wire 
of a levelling telescope, when adjusted for observation, and 
therefore was apparently on the same level ; the distance of the 
instrument from the castle was 4^ miles, required the correctioa. 



LEVELLING. 133 

for curvature and fefiraction, that is, the trae height of the keep 
of the castle above the point of observation* 

2 40*5 

•5 X (4*5)* ss — tr- ss 13'5 feet, cor. for curvature. 

o 

1 of which •...•.••• ss 1*93 feet, cor. for refraction. 

Difference • 3= 11*57 feet, cor. required. 

See aba the tabksfor these corrections at the end of (he booh. 

PBINGIPLES AND PRACTICE OF LEVELLING. 

To find the differences of the levels of several points on the 
Mffoee of the earth, 

(9.) Before entering on this subject, it will be proper to 
state that the corrections for curvature and refraction, already 
explained, are seldom applied in the practice of levelling, the 
spirit level being usually placed midway between the stations, 
the leveb of which are to be observed, hence the resulting cor* 
rections for each station are equal; and therefore the difference 
of the levels at the two stations is as truly shewn by the dif- 
fidence of the readings of the two staves fixed thereon, as if 
the corrections had been made. Thus the trouble of making 
these corrections is avoided by sin^fy placing the mstrument 
midway between the two staves. 

(10.) Let it be required to find the difference of level between 
the points A and G. — A levelling staff is erected at A, the in- 
stniment is set up and adjusted at B, another staff is also erected 
at C, at the same distance from B that B is from A, as nearly 
as can be judged by the eye; the readings of the two staves are 




then noted ; the horizontal lines, connecting the staves with the 
instrument, represent the visual ray or level line of sight 
The instrument is then conveyed to D, and the staff that stood 
at A is now removed to £, the staff C retaining its former po- 
sition, only its graduated side turned to the instrument, and 
*rom being the fore staff at the last observation, it is now the 
back staff: the reading of the two staves are again noted, and 
the instrument remov^ to F| and the staff C to the point G, 
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the staff at E retaining its position, now In its tnm becomes 
the back staff, and so on to the end of the work, which may 
thus be continued to anj extent. The difference of the readings 
of the staves at A and C will shew the difference of level 
between the points or stations A and C, because the visual line 
of the instmment is virtually level, and the same is true with 
respect to every two consecutive stations. 

EXAMPLE. 

Back sight on staff A 10*66 feet. 

Fore sight on staff C 1]'78 

The fall from A to C 1*12 difference. 

Because when the front reading is the greater the ground 
falls and vice versa. 

Back sight on staff C 13-36 

Fore sight on staff E 9*16 

The rise from C to E 4-20 difference. 

Subtract the fall from A to C... M2 

The rise from A to E 3*08 difference. 

Because the rise from C to £ is greater than the fall from A 
to C, their difference shews the total rise. ^ 

Back sight on staff E 762 

fore sight on staff 6 8-16 

The fall from E to G 0-54 difference. 

This fall taken from the rise from A to E, that is, 

3-Os 
0-54 

gives the total rise from A to 6 •••• 2*54, or nearly 2 

feet 6^ inches. 

The difference of the sums of the back and fore readings of 
the staves, will more readily give the difference of level between 
A and G: thus, 

Back sights. Fore sights, 

feet feet. 

10-66 at A 11*78 at C 

13-36 at C 9 16 at E 

7-62 at E 816 at G 

soma 31-64 29-10 

29-10 

2'54 difftrence of levels the same as before^ 
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(11.) The following is an example of levelling performed at 
only one operation, and will therefore require the correction for 
curvature and refraction. 




It is required to drain a pond by making a cut to a stream 
at B» at a distance of 60 chains : let a level be set up and ad* 
justed at C, and then directed to a staff, held upright, at the 
edge of the water at B. The horizontal line C D represents 
the line of sight, cutting the staff at D, the reading being 16*84; 
the height of the instrument above the ground was 4*8 feet, 
and the depth of the pond 10 feet: what is the difference of 
level between the bottom of the pond and the surface of the 
stream ? 



Reading of the staff '. »...*k ».. 

Height of the instrument .^ 4*80 

Depth of pond 10*00 

Correction for curvature and refraction 
for 60 chains — (see tables at the end 
of the book) 0*32 



ft. dec. 
15-84 



15-12 



Difference of level 0-72 

which is little more than 8^ inches, and just a sufficient fall to 
make the water run freely from the bottom of the pond to the 
surface of the stream at B ; it having been found in practice 
that a less amount of descent than from 8 to 12 inches^.per mile 
produces no efficient current for the purpose of drainage* 

TO DRAW A SECTIONAL LINE OF SEVERAL POINTS IN THE 
BARTH's surface, THE LEVELS OF WHICH HAVE BEEN 
TAKEN (fig. p. 138). 

(12.) Let a, b, c, </, €yf, and g be the severa points; then, in 
order to draw the section to shew the undulations of the ground 
between a and g, tlie distances of the severa points from a, in 
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addition to their leyels, mast be taken ; this is usually done 
daring the operation of levelling. These distances, with the' 
back and fore sights, may be arranged in a level book of the 
following form, which, though not the form practically used, 
will probably be more clearly understood. 

LEVEL BOOK. 



Distances in Chun% and Remarks. 



Back 


Fore 


Faa 


Rise. 


Redoced 


Sights. 


Sights. 


Levels. 


3-50 


5-65 


2-15 




2-15 


4-10 


10-85 


675 




8-90 


604 


9-26 


4-21 




13-11 


3-84 


12-91 


9-07 




22-18 


4-12 


7-65 


3*53 




25-71 


10-49 


3-92 




6-57 


19-14 


12-96 


3-03 




9-93 


9-21 


4405 


53-26 


diff. 


44-05 








9-21 


1 
the same as the h 



4*60 at b on road. 

7*80 at c. 
11-60 at ^. 
15*20 at e. 

bottom of canal, distance2*16 
21*00 at/. 
27*00 at g. 



In this level book it will be seen that the differences 2*15 
and 6*75, in the column marked Fall, are added together, 
making 8*90, thus giving the fall at c, in the column marked 
Reduced Levels : to this sum the succeeding falls are added, 
one by one« till we get the fall 25*71 at the bottom of tl^e canal, 
which is the lowest point. Then the differences in the column 
marked Bise, are subtracted successively from 25*71 for the 
falls at f and g ; the latter of which is 9*21, the total fall from 
a to gy whi6h, agreeing with the difference of the sums of the 
back and fore sights, shews the truth of the castings. The 
last column shews the distances of the several points b, r, &c., 
from a^ in chains^ with other remarks* 

DATUH LINE. 

(13.) The section might be plotted by. laying off the distances 
in the last column in the preceding level book on a horizontal 
line^ and setting off their corresponding numbers of feet, in the 
column marked Reduced Levels, perpendicularly below the line; 
but it is found inconvenient in practice to plot a section in all 
cases after this method, as in extensive operations the reduced 
levels would repeatedly fall above and below the line in ques* 
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tiofi) and thus confuse tbe operation; therefore a line AG called 
*Uhe datum line** is assumed at ido, 200 feet, &c., below the 
first station a; thus making that line always below the sectional 
line af, of which a clearer view may be obtained. 

(14.) In the following practical level book the rise or fall is 
respectively added to or subtracted from the assumed distance 
of the datum line, and the next rise or fall, again added to or 
subtracted from the sum or difference: — ^thus 2*15, being a fall, 
is subtracted from 100 (the assumed distance of the datum line) 
leaving 97*85 feet, the height of the ground at b : the next fall 
6*75 is then subtracted from 97*85, leaving 91*10 feet for the 
height at c; and so on to 3*53, which is the last fall : — ^the next 
6'57, being a rise, is added, as well as 9*93 ; — ^thus the last re- 
duced level is 90^79 feet, which taken from the datum 100 
leaves 9*21 feet, agreeing with the differences of the sums of the 
back and fore sights, and of the sums of the rises and falls, and 
shewing the work of casting to be correct. Thus are obtained 
a series of vertical heights to be set off perpendicularly to the 
datum Hne, through the upper extremities of which the sectional 
line must be drawn. 







PRACTICAL ] 


LEVEL BOOK. 




(Datum line 100 feet below the bench mark at A.) 


Back 
Sights. 

&et 


Fore 
Sights. 


Rim. 


Fall 


Reduced 
Levels. 


Distances 


Remarks. 


feet. 


feet. 


feet 


feet. 


chains. . 




3'50 
4-10 


5-65 
10-85 




2-15 
6-75 


106-00d 
97-85 
91-10 


4-60 
7-gO 


J B M on road 
to lime kilns. 


5*04 


9-25 




4-21 


86-89 


11-60 




3-84 


12-91 




9-07 


77-82 


15-20 


r Bottom of 


4-12 


7*65 




3-53 


74-29 




< canal,distant 


10-49 


3-92 


6*57 




80-86 


21-00 


( 2-80 chains. 


12-96 


. 3-03 


9-93 




90-79 
100-00 


27-00 


toB.^M. at^r. 


44-05 


53-26 


16-50 


25-71 




44-05 




16-50 


















f jllAr nA^VXTAAV* Ims^I 




9-21 diff. = 9-21 = 9-21 -? reduced level and 




(^ datum« 



In laying down the sectional line from the above columns of 
reduced levels and distances, the former are always taken from 



a much lai^r scale than the Utter, otlwrwlBe the ttodnlatioiu 
on th« anrlaoe of the ground would, in many cases, be hatdl; 
peroeptible. 

Draw the horizontal line A Q, setting off the distances A B, 
A C, itc., as in the colamn of distances, that is, A B ^ 4.60 
chuns, AC la 7*80, &c.| then draw As = 100 feet, perpen> 
dicidar to A G and parallel to A a draw Bb,Cc, &c, setting 



offtti«rbdghta 97*85, 91*10, &c., respectively from the colomn 
of reduced leirels, and through the points o, ^ c» &c^ draw the 
required sectjonal line a p. 

Nora. — The above operaUons, though extremelr timple, reqnire giatt, tan, 
otlienriM, In exten^ve works of tbii kind, errim creep in imparceptibl;, tn 
chock which the igieeoieDt of the difi^rencee in the level-book U easential. 

' BtJimiNa A CHSCK LEVEL. 

(15.) We shall now give an example of a simple kind to lead 
the way to more complicated operations. When a section 
of a line of country has been completed, it is in moat cases 
necessary to check its accuracy by repetition; but in doing this 
it is seldom requisite to level over precisely the same line of 
ground, unless there is cause to suspect its general correctness, 
but to follow the most convenient and nearest route, and at 
interval/to level to some known points on the exact line of 
section, which will give their diSerences of level : the points 
thus selected are generally what are called bench marks, being 
notches cut on gate posts, stumps of trees, mile or boundary 
stones, or any similarly immoveable objects, contiguous to the 
line of section, and at frequent intervals. These bench marks 
are made by the person who first takes the section, and are 
sometimes previously determined upon. When the section ia 
complete, their relative heights vrith respect to the base oi 



LEVfiLLING* 189 

datam line of the eection becomes known; hence ^ey may be 
considered as bo many fixed points on the line, easily recog* 
Disable, from whence any portion of the work may be levelled 
over and over again. 

From what has been said it is clear that in taking running 
or check levels, the nse of the chain and compass attached to 
the level is not wanted, the distances and bearings having all 
been previously taken. 

An example of this kind of operation is represented in Plate 
I, where both th^ ground plan and section are shewn. The 
strong black line on the plan is that of the section to be 
checked, and extends from a bench mark at the town A, in a 
winding direction, to another bench mark in a town B; this 
originally formed a portion of a more extensive survey. The 
route taken in proving the work is shewn on the plan by a 
dotted line> and was confined to the public roads^ as being the 
most convenient route, especially as it crossed the line several 
times, by which a number of intermediate points «oald be 
checked. Previous to giving the particulars of this example, 
the method of performing the operation of levelling shall be ex* 
plained more in detail than has yet been done* 

The staff-holder must first place his staff perpendienlarfy on 
the bench mark irom whence the levels are to commence; the 
surveyor must next set up his spirit level on the most eon-' 
venient ground that presents itself, and so that he may have an 
uninterrupted view of the line he intends to levd^ the station 
chosen should not be more than four or five chains from the 
staff-holder, where, having fixed the legs of the level firmly in 
the ground, the surveyor must adjust his level for observation 
in the following order :—»" first he must draw out the eye-piece 
of the telescope till he can see the cross wires perfectly well de« 
fined; then, directing it to the staff, he must turn the milled- 
headed screw, on the side of the telescope, till he can likewise 
distinguish, with the utmost possible deamess, the smallest 
gradations on the staff: that these two adjustments^ be very 
carefully and completely performed, is of more consequence than 
is generally supposed, for on them dep^ds the existence or 
non-existence of parallax." 

** The adjustment of the eye-piece to obtain distinct vision, 
when once properly made, is not likely to require alteration for 
the whole day, unless it be accidentdly deranged ; but that of 
obtaining distinct vision of the distant staff (together with the 
one we shall next describe) must be performed at every station 
as it varies with the distance of the staff 
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** Hmvtng luftde the mbove adju8tmtots perfect, bring the 
spirit bubble to the centre of its run, which position it mast 
retain in ererj cUreetion of the telescope s or, in other words, 
the babble must indicate a true level during the time the tele- 
scope is tamed completely roand( this is accomplished by 
bringing the baUde successiyelj over each pair of parallel-plate 
screws, and giving them motion by screwing up one while un- 
screwing the other to a like extent; but if the telescope is sup* 
plied with a tsross level, as in that of Gfavatt's, the two bubbles 
being at right angles to each other, thej will at once shew 
which pair of screws require turning, in order to indicate the 
troeleveL 

** The level being now adjusted for observation, it must be 
directed to tJie back staff, and with all possible exactness the 
foot and decimal fraction of a foot must be noted, with which 
the central part of the horizontal wire appears te be coincident, 
which enter in the proper column of the level booL This 
column should be headed * Back Sights ' as in the preceding ex- 
ample (Art» 14). As soon as it is registered, see that the 
bubble has not removed from its central position, and then re- 
peat the observation to ensure that no mistake has been made: 
this should be invariably done to guard against error.'' 

The telescope of the level must now he turned round to the 
fore staff, the object glass and bubble being again adjusted, if 
required, in the manner already described, and the reading of 
the staff observed and entered in the level book in the column 
headed ^'Fore Sights," verifying the observation as before by 
seeing that the bubble is still in its plac^ &c. It may be here 
proper to remark, that the surveyor's merely walking round the 
instrument, or accidentally striking one of its legs with his foot, 
will derange the level indicated by the bubble, especially where 
the ground is newly tilled or soft and spongy: therefore, the 
legs of the instrument should always be fixed firmly in the 
ground. To do away with this inconvenience, as far as pos- 
sible, Gravatt's level (Art. 5.) has a reflector fixed on the top 
of the telescope, by which the observer can see both the staff 
and the reflected image of the bubble at the same time, and 
thus can make his observation at the instant he sees the bubble 
in its proper position. The foregoing description of the method 
of taking levels is general, and applies equally to every kind of 
levelling operations, we shall hereafter add such additional par- 
ticulars as will require attending to, when taking levels for the 
formation of a section* The two first observations being com* 
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pleted, the surveyor must remove the instrument to the next 
station and set it up a second time, the person who held the back 
staff, removing it as far beyond the instrument as the instru* 
ment is beyond the staff, which has now become the back staff, 
and which must not be moved, except that its graduated side 
must be turned to the instrument. The observations may now 
be repeated in every respect the same as the two last described, 
and 80 on to the end of the work ; excepting in cases where 
"long sights" are taken, in which the correction for curvature 
and refraction must be applied, as in the example (Art. IL); 
but these cases seldom occur in practice. The explanations 
just given, are of a more detailed character than those given in 
(Art. 10.), as it must be borne in mind that this work is for the 
instruction of those who are unacquainted with the subject, 
and who ought not to be led into tedious details all at once. 

The me^od of taking check levels being now explained, 
we shall next refer to the example, in which as already 
stated, <<the levels were taken along the public road shewn 
by the dotted line (Plate I.,) as being the most convenient 
route between the town A and B, avoiding the necessity of 
passmg through private property; the strong black line oa 
the plan shews where the original section was taken; the 
section itself is shewn above the plan, and is drawn from two 
Males, the one giving horizontal measure, is the same as that 
of the plan, that is, one inch to the mile ; and the vertical scale 
I inch to the 100 feet. From this section it ieippears that 
the crown of the bridge at A is 14 feet above the datum line 
1) E of the section, and that the bench mark (a stone by the 
road side,) at B is 111 feet above the same datum ; therefore 
the difference of level between the two places is 111 — 143:97 
feet. Now by referring to our level book, of which we have 
subjoined a copy, we make the difference of level to be 96*8 
feet, differing from the original section only 0*2 of a foot, or 
2*4 inches, a quantity that may be disregarded ; the inference 
to be drawn from such a coincidence in the two results is, that 
the whole of the section between the points in question is 
efficiently correct* 
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LEVEL BOOK FOB BUNNING OB CHECK LEVELS. 



Backffight*. 


Fon Sight!. 


Bemarka. 


0-34 


8*16 


Back on B.M.* on the bridge at A. 


5*86 


5- 


•61 




419 


4- 


'24 


Forward © at comer of road leading 


5-44 


1 


•20 


[toB. 


4-96 


8 


20 


. 


4-73 


1 


32 


At crossing of line. 


6-10 


2 


■00 




5-33 


8 


•96 




5-91 


. 1 


-83 




8-70 





•90 




602 


1 


•21 


Staff placed on post notched for B.M. 


1-21 


4' 


•00 


At crossing of line. 


8-53 


6 


•07 




8-96 


6 


•34 




8-94 


4' 


•81 




8-98 


6 


•08 




4-08 


4 


-94 


Upon line. 


8-90 


2 


•96 




4-84 


2 


•42 




1-54 


5 


•12 




4-69 


4 


•97 




604 


1 


•60 




2-24 


8 


■86 


Upon line* 


7-25 


1 


•89 




403 


1 


•30 




9*54 





•19 




6 70 


1 


•70 


 


9-40 


4 


•06 




6*44 


0-38 


• 

Sums 


140-89 


91*32 


91*32 




Difference. 


49*57 







.* B. M. signifies bench nuuk. 
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Backsights. 



49 
11 
5 
11 
9 

4 
8 
10 
10 
8 
9 
9 
9 
10 
3 
3 
7 
1 

4 
7 
1 
2 
3 
6 



205 
108 



57 
00 
98 
12 
84 
18 
72 
89 
02 
00 
58 
53 
90 
04 
00 
00 
68 
21 
99 
65 
48 
47 
55 
45 
78 
64 



27 

47 



Fore Sigbts. 



96-80 





1 

1 

2 









1 

1 

1 

1 



8 

11 



8 

10 

10 

10 

10 

11 

9 

1 

a 



•46 
•80 
•73 
•20 
•32 
•10 
•77 
•92 
•03 
•19 
•18 
•68 
•35 
•52 
•55 
•88 
•75 
•48 
•00 
44 
•30 
•70 
•88 
•04 
•65 



108-47 



Diff. = 



Cemai*ks. 



Brought forward. 



Upon line. 



Forward © on B. M. called B. 
Sums, 



Difference of levels between A and B- 



The difference of the sums of the back and fore sights 
being nearly 97 feet, proves that the bench mark at B is higher 
by that distance than the bench mark at A, as shewn bj the 
section. 
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I.KVBL8 FOB THE FOBMATIOK OF A SXCTIOK. 

(16.) The next most simple case that can occur, is to take 
the levelB of a line of country, where the ground plan is ahready 
made, and the line of section determined upon and marked oat 
on the plan. Here, in addition to what is required in nmoing 
or check levels, the distances to the several stations of the 
levelling staves from the starting point most be measured. 
Plate II. represents an example of this kind of work, the sur- 
vey of the land having been completed, and the plan of the 
fields, &c., drawn: the strong black line A B was the direction 
determined upon, as the most suitable for an intended line of 
railroad, and the section was accordingly taken : — ^bench marks 
had been previously agreed upon at the extremities A and B, 
fit»n whence other surveyors could take up the levels and 
carry them onwards in both directions. 

Two additional assistants are required in this case, to mea- 
sure the distances of the stave stations along the lines while the 
operation of levelling goes on, which is the same in every 
respect as that already described for check levels, excepting 
that, in this case, the operation is conducted upon the strong 
black line A B, on the surface plan, a copy of which must be 
in the surveyor's possession to direct him, and the distances of 
the several stave stations must be noted in the level book, in 
the column marked ^' Distances.'' 

The following is the level book of the example given in 
Plate n., shewing the manner of keei^ng it, and also the 
method of reducing the levels to obtain the actual heights of 
each station above the datum line £ F, which is placed 100 
feet below the starting point A, for convenience of drawing 
the section. The whole operation being similar to that already 
given at Art. (14), excepting that here and in the preceding 
example we give the particular manner of performing the 
several parts of the field work, in order that it may be dearly 
understood by those who are unacquainted with the subject, 
as it is presumed that, in a short time, railways will becoBie 
the common means of transit, both for passengers and goods, 
throughout every country of the civilized world. 
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THE LEVEL BOOK FOB PLOTTING THE SECTION. 

(Datum 100 feet below the station A.) 



Back 

Sights. 


Fore 
Sights. 


Rise. 


FaU. 


Seduced 
Levels. 


Distances 


Remarks. 


feet. 


feet* 


feet. 


feet. 


feet. 
100*00 D 


Unlcs. 




13-71 


7'88 


5*83 




105*13 


519 


a M. side of road. 


9*40 


16*30 


t 


6*90 


96*93 


1316 




3-87 


11*71 




7-84 


91*09 


1549 




2-63 


19*41 




9*78 


81-31 


1850 




14*62 


0*95 


13-67 




94*98 


9358 




17-00 


1*45 


15*55 




110*53 


9698 




10-66 


15*40 




4-74 


105*79 


3357 




a-87 


17*00 




14*13 


91-66 


3758 




3-40 


10-33 




6*99 


84*75 


3976 




6-73 


9-34 


3*49 




88*93 


6077 




16-64 


0*86 


15-69 




103-99 


5904 




16*08 


0*89 


15-19 




119*11 


6194 




14-56 


0«73 


13*88 




132-94 


6437 




10-36 


14*06 




3*70 


129*96 


7467 




9-84 


1*36 


8*48 




137*79 


8369 . 




9-80 


7*00 


9*80 




140*59 


9803 




8-30 


10-96 




8-66 


131*86 




Ce&treofroadat9l5 


10*96 


14*46 




3*50 


198*36 


9679 


[Unks. 


2*08 


15*05 




12*97 


115-39 


9936 




1*75 


16-68 




14 83 


100*56 


10164 




1-84 


17-10 




15*26 


85*30 


10576 




0-00 


7'43 




7*43 


77*87 


11423 


Forward at comer 


5*38 


S'50 


1-88 




79*75 


13066 


[of wood. 


8*50 


4-60 


4*00 




83*75 


14954 




5*30 


1*36 


3*94 




87*69 


16650 




10*20 


9*40 


0*80 




88-49 


17345 




6-86 


0*40 


6-46 




94-95 


19135 




11-00 


3-96 


7*04 




101*99 


19359 




11-80 


3*53 


8*97 




110-96 


19631 




10-53 


9*68 


7-85 




118*11 


19841 


Forward Q at end of 


8-82 


1*38 


6*84 




194*95 


90561 


[wood. 


8-76 


9*30 


6*56 




131-51 


91671 




14*00 


14-50 
4*39 




0*50 


131*01 
141*19 




Road at 450 links. 


14*50 


10*18 


99710 


A«WKi WV ^VM aiiaiiWa 


9*14 


I'OO 


8*14 




149-83 
100*00 


93991 




304*19 


254-86 


166*49 


117*16 


254*86 




117*16 








. 


„„,__^^ 










( Difference between Datum and 
last Reduced leTdi or height 


49*33 


... 


49*33 


_ 


49*33 












of B aboYC A. 



The several differences of the sums of the back and fore 
dghts, of the sums of the rises and falls, and of the last re- 
iuced level and the datum, exactly agreeing, proves the accu- 

7 
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racj of the arithmetical operation in the preceding level book, 
all these differences being 49*33 feet, which is the height oi 
B above A, in the section Plate II. 

It is advisable for the surveyor to redoce the levels in the 
field as he proceeds, as it will occupy very little time and cao 
be easily done while the staffman is taking a new position. 
The surveyor will thus be enabled to detect with the eye if h6 
is committing any glaring error; for instance, inserting a 
number in the column of rises, when it ought to be in that 
of falls, the surface of the ground at once reminding him that 
he is going downward instead of ascending. 

It is seldom the case in practice that the instrument can be 
placed precisely equi-distant from the back and fore staves, on 
account of the inequalities of the ground, ponds, &c.; it would 
appear, therefore, to be necessary, to make our results per- 
fectly correct, to apply to each observation the correction for 
curvature and refraction as explained in Art (7): this, we 
believe, is seldom done, unless in particular cases where the 
utmost possible accuracy is required, on account of the small- 
ness of such correction, as may be seen by referring to the 
table at the end of the book, where this correction for 11 chains 
is shewn to be no more than y^ part of a foot ; and as the 
difference in the distances between the instrument and the fore 
and back staves can in no case equal that sum, it is evident 
that such correction may be safely disregarded in practice. 
Besides it is not necessary to have the level placed directly 
between the staves while making observations, as it is frequently 
inconvenient to do so, for reasons just given, nor does a devia- 
tion from a line of the staves, in tiiis respect, in the least affect 
the accuracy of the result. 

The distances in the sixth column of the level book are 
assumed to be horizontal distances, and in measuring them, care 
should be taken that they are as nearly such as possible, or they 
must be afterwards reduced thereto, oUierwise the section will 
be longer than it ought to be. For the purpose of assisting the 
surveyor in making the necessary reduction from the hypothe- 
nusal to the horizontal measure, when laying down the section, 
we annex the following table, shewing the reduction to be made 
on each chain's length for the following quantities of rise, as 
shewn by the reading of the staves. 



LETELLINO. 



147 



Rise in feet for 

• • 


Redaction on one 
chain in links and 


Rise in feet for 


Reduction on one 
chain in links and 


one chain. 


decimals. 


one chain. 


decimals. 


1 


0-01 


11 


1-40 


2 


004 


12 


1-66 


3 


on 


13 


1-92 


4 


0-19 


14 


2-24 


5 


0-27 


15 


2-61 


6 


. 0-44 


16 


2'99 


7 


0-56 


17 


3-39 


8 


Q-74 


18 


8-76 


9 


0-94 


19 


4-23 


10 


Vie 


20 


4-64 



TO PEAW THE SECTION. 

The levels being reduced, as well as the distances corrected, 
where required, the surface line may be represented in the 
form of a section, as shewn in the upper part of Plate 11. The 
Tertical and horizontal scales of a section are seldom the same, 
for the reason assigned in Art. (14.), which produces a carica- 
tured representation of the surface of the section ; the vertical 
scale being so much greater than the horizontal, shews the 
depths of the cuttings and embankments, required in the exe- 
cution of railways, canals, &c., with greater clearness than if 
both scales were alike. The plans and sections of projected 
work, deposited in the Private Bill Office, to obtain the sanction 
of the legislature, are mostly drawn to scales of from four to 
six inches to one mile horizontal £^nd one hundred feet to one 
inch vertical. 

To make the section expeditiously, first draw the horizontal 
line E F, as the datum to which the levels were reduced, take 
any point E as the starting point, place the feathered edge of the 
horizontal scale against £ F and prick off the several distances 
in the column headed '< Distances," that is, 6*19, 13*15, 16*42 
chains, &c., then draw all the perpendiculars by means of a 
parallel ruler, or by a T square if the paper is properly fixed 
on a drawing table; and lastly from the vertical scale prick off 
aU the reduced levels or vertical heights corresponding to the 
several distances, connect the points and the section will be 
made, after which, write, in vertical lines, the several remarks, 
as crossing of roads, rivers, &c., that appear in the last column 
of the level book. The horizontal line AD, called the '* datum 
from bench mark at A," shews the. variations of the surfa^ce of 
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the section above and below the point A, from whioh it was 
originally plotted by Mr. Sisuns, his level book being adapted 
thereto. 

CBOSS LSTBL8. 

When a road or river crosses the line of a railway, or canal, 
cross leveb are principally taken to shew the nature of the 
surface of the ground, both with respect to improving the main 
line, if possible, and to shew the approaches of cross roads to 
the viaducts, when required, and the depth and length of cut- 
ting, or the height and length of embankment that will be 
required, where the main line is either crossed on the level, or 
over or under by viaducts. The heights of the cross section 
is usually taken at every 1 or 2 chains length to the distance of 
8 or 10 chains on each side of the main line; but if the cross 
road have a regular slope, it will be sufficient to shew the in- 
clination of the slope, which may be done by a single setting up 
of the level and staves. The following notes wiU shew the 
method of taking a cross section, reooUiscting always to take 
the levels from the right to the left of the forward direction of 
the main line, lest tiie section, thvongh mistake, should be 
platted in the wrong directioo. 

CROSS LEVXLS OK BOAD AT 92*15 CHAIMB. 

(Section, Plate IL) 



Back 

Sights. 



Fore 
Siesta. 



Di 



wti^'^fm^ 



feet 


feeL 


fliftiii^ 


1-84 


016 


2-00 


1-02 


8-70 


3-00 


2-83 


7-91 


4-00 


5-20 


10-63 


600 


413 


8-71 


7-92 


404 


802 


10-00 


2-92 


7-92 


12-00 


3-16 


6-04 


1400 


217 


6-87 


1500 


213 


7O0 


16-80 



Bemaiks. 



/Line crosses reduced level 
\ 131-86 feet. 



The cross section may be plotted on the same scale as the 
main section ; but some engineers adopt a larger one. From 
what has been already shewn, the student can have no dif* 
ficulty in plotting from the preceding notes* 
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PABLUIIEKTABT PLAN AND SECTION. 

These differ little from what is shewn on Plate IE, only in 
the former the fields, &c., are numbered with an accompanying 
hook of reference to proprietors' names, &c.; and the cross 
sections are added in the latter, and the gradients put on, as 
described at page 153. See Working Section, Plate IIL| and 
the Standing Orders of tlra two Houses of Parliament. 

WOBKIKO SBOtlON. 

When the works of a railwaj, canal, &c, have to be carried 
into execution, the seotioa must be more minutely taken than 
would be required in the preceding cases ; it is then called a 
working section. The following are the field notes for such a 
section. Plate IIL shews the section of the ground and rail- 
way at the extreme end of the line, where the distances ter- 
mmate at 1103*77 chains, or 13| miles and 3*77 chains. The 
student will be able to plot the section from the following level 
book and the accompanying directions. In taking levels for 
this section, the back and fore sights are not very far distant 
from each other, and the surveyor will frequently be able to 
luake a number of observations at each setting up of the instru- 
ment both in the back and forward directions, the back staff 
being repeatedly removed hearer the instrument, where the 
ground varies, and the fore staff also repeatedly removed farther 
from it: in this manner from seven to ten observations may be 
obtained at one setting up of the instrument, if required. In 
the following level book, it will be seen, that it seldom occurred 
that only one back and one fore sight was obtained at each set- 
ting up of the instrument ; at the first setting up four forward 
Bights were observed ; thus the first back sight was 4*47 and 
tbe corresponding fore sights 4-53, 9-22, 5-07, &c. Here the 
first fall is obtained in the usual manner, that is, by taking the 
difference between 4*53 and 4*47; the next fall is obtained by 
^^g the difference between the first and second fore sights, 
^t is, between 9*22 and 4*53, this difference is 4.69, which is 
& fall, because the latter fore sights is the greater ; the third 
^fference between the second and third fore sights is a rise, 
because the latter fore sight in this case, is the less: and so on 
fill we come to the next back sight 6*36, when its correspond- 
ing fore sight 1*87 is taken from it, as previously shewn, and 
the difference placed in the column of rises. The column of 
reduced levels is obtained as in the preceding examples. 
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LEVEL BOOK. — WORKING SECTION. 



Back 


Fore 


Rise. 


FaU. 


Redaced 


Distances. 


Remarlcs. 


Sights. 


Sights. 


^^^fmm^^9 




Levels. 






feet. 


feet. 


feet. 


f«et 


feet 
270-72 


chains. 


(Height above Triaity 
high water-marlL, at 


4*47 


4*53 




0-06 


270*66 


1083-00 


London Bridge. 




9*22 




4*69 


265*97 


1034-00 






5*07 


4*16 




270*12 


1035*00 






0*24 


4-83 




374-95 


1036-00 




6*36 


1*87 


449 




279-44 


1037*00 




6-14 


1*47 


4*67 




284*11 


103800 


f Side of falling post of 


6*62 


2*10 


4*52 




388-63 


1039-00 


< field gAte in occopa* 




2*24 




0*14 


268-49 


1039*16 


( tion road. 


10*42 


9*47 


0-95 




289-44 




Lower hinge of gate. 




13-22 




3*76 


285*69 


1039*44 


Centre of occupation road 




13*15 


007 




285-76 


1039-56 


Edge of road* 




8*75 


4-40 




290*16 


1039*66 


Top of banlc. 




4*48 


4-27 




294-43 


1039-76 


Ditta 




4-32 


0-16 




294*59 


1040-00 




2*44 


8-84 




6-40 


288-19 




B. M. south side of line. 




2*83 


6*01 




294*20 


1041-00 




0-74 


2*18 




1*44 


292-76 


1042-00 






5-35 


• 


3-17 


289*50 


104300 




6*77 


7 28 




0*51 


289*08 


1044-00 






7*25 


0*03 




289*11 


1044*90 


Edse of ditch. 




836 




i-n 


288*00 


1044-92 


Bottom of ditch. 




3*57 


4-79 




292*79 


1045-00 


Stump, top of bank. 


3-37 


2-75 


0*62 




293-41 


1046 00 


 




1*43 


1-32 




294*73 


1047*00 




1*10 


2-25 




1-15 


293*58 


1048 00 






8-88 




6*63 


286*95 


1049-00 


Enter alder plantation. 


5*65 


9*53 




3-88 


283*07 


1049-20 






11*60 




1-97 


281*10 


105000 


 


5*85 


6*52 


0-33 




281*43 


1050*21 


. 




12-01 




6-49 


274*94 


1051*00 






12*87 




0-86 


27408 


1051-48 






10*77 

8*59 
1*40 


2-10 

2-18 
7-19 




276-18 
278-36 
285*55 


1051*90 
105200 
1053-00 


( Footof banktwhichrises 
( perpendicularly 2 feet 


8*22 


4*42 


3-80 




289*35 


1054-00 






2*97 


1*45 




290-80 


1055*00 






3-39 




0-42 


290*38 


1066*00 






5*51 




2*12 


288*26 


1057*00 






7-67 




2-16 


28610 


1058-00 




5*41 


6*68 




1*27 


284 83 


1058*27 


Edge of ditch. 


i 


8-56 




1*88 


282*95 


1058*32 


Bottom of ditch. 




608 


2*48 




285-43 


1058-37 


Top of bank. 




1238 


• 


6-30 


279- 13 


1058-54 


Foot of bank. 




16-72 




4-34 


274''79 






204 


2-66 




0-62 


274*17 


105900 






6.48 




3-82 


270*35 


1059*40 


Edge of ditch. 
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Back 


Fore 


Rise. 


Fall. 


Redoced 


Distances. 


Sights. 


Sights. 


*•■•#*#• 




Levels. 




feet 


feet 


feet. 


feet 


feet 
270*35 


chaini. 




8-86 




t*S8 


267*97 


1059*44 
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2-86 




270*83 


1059*52 




7-58 




1*58 


269-25 


1059*60 




10*74 




3-16 


266 09 


1060*00 


3-33 


8*24 




4*91 


261*18 


1060*96 




9*15 




0*91 


260*27 


1061*00 




13*34 




4*19 


256*08 


1061*05 




11*65 


1*69 




267-77 


1061*10 




12*80 




1*15 


256*62 


1062*00 


3*62 


4*13 




0*51 


256*11 


1063*00 




3-38 


0*75 




256*86 


1063*49 




0*50 


2*88 




259*49 


1063*69 




4*35 




3*85 


255-89 


1063-68 




4*08 


0*27 




256*16 


1063*86 




4*31 




0*23 


255*93 


1064*06 




0*57 


3*74 




259*67 


1064*15 




3*02 




2*45 


257*22 




0*90 


1*40 




0-41 


256*81 


1064*30 




2*83 




1 48 


255*38 


1065*00 




4*41 




1-68 


253*80 


106600 




4-48 




0*07 


253-73 


1067*00 


T'SO 


7*34 


0-46 




254*19 


1068*00 




4*41 


2-93 




257*12 


1069*00 




0*74 


3*67 




260*79 


1070-00 


10*63 


6*43 


4-20 




264*99 


1071*00 




1*37 


5-06 




270*05 


1072*00 


10-76 


4-97 


5-79 




275-84 


1073 00 




1*12 


3*85 




279'69 


1074*00 


5*42 


5-47 




0*05 


279*64 


1075*00 




4*56 


0*91 




280*55 


1076*00 




5-00 




0*44 


280*11 


1076*37 




6-56 




0*56 


279*65 


1076*40 




2-40 


3*16 




282*71 


1076*47 




2-96 




0-56 


282*15 


1076*54 




1*38 


1-58 




283*73 


1077*00 


9*45 


0*61 


8*84 




292*57 


1078*00 


8*44 


3*33 


5-11 




297-68 


107853 




0*42 


2-91 




300*59 


1078*57 


12-78 


14*28 




1*50 


299*09 


1078*82 




10*01 


4-27 




303*36 


1079 00 




1*26 


8-75 




312-11 


1079*47 


14*49 


4*07 


10*42 




322-53 


108000 




2*86 


1-21 




323-74 


1080*08 




3-35 




0-49 


323*25 


1080*24 




0-37 


2-98 




326*23 


1080*47 


16*35 


1*02 


15*33 




341*56 


1080*98 



Remarlu. 



Brougbt forward. 
Bottom of diteb. 
Top of baok. 
Foot of baok. 

Top of bank. 
.Stamp side of bank. 
Bottom of ditch. 
Edge of ditch. 



Foot of bank. 
Top of band. 
Bottom of drain. 
Centre of parish road. 
Foot of bank. 
Top of baok. 

Foot of bank. 



(C 



foot path at 
[1068 31.) 



Edge of ditch. 
Bottom of ditch. 
Top of bank. 
Foot of bank. 



Enter plantation. 

B. M. on timber stump. 



[plantation. 
Top of bank, edge of 
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ML 
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1*05 
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4*94 




0*44 
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6*83 




1*89 


335*71 
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5*71 


330*00 
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4*28 
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7-93 


317*79 
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1*18 
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309*88 
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1*57 
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293*45 
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1*44 


9*41 
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1*34 


9*14 




7*80 
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1*15 


8*12 




6*97 


270*71 


1093*00 
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4-43 




1*39 


269*82 


1093*86 


Edge of ditrJi. 






0*22 




1*79 


267*58 


1093-90 


Botton of ditch. 






5*16 


1*06 




268-59 


1094-00 


Stamp, top of bank. 






11*10 




5*94 


262*65 


1094*08 


Foot of Uaok. 






9*29 


1*81 




264*46 
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8*87 


5-77 


3*10 




267-66 


1096*00 


At post and nU fence. 




4*63 


3*46 


1*17 




268*78 


1097-00 


Bdgeof ilopc. 






7'06 




3*60 


265-13 


1098*00 






1*96 


4*60 




2*64 


262-49 


1099-00 


Foot of slope. 






4*60 






262*49 


1100-00 




1 




3-67 


0*93 




263-42 


1101*49 






4*58 


5*03 
4*40 


0*63 


0-43 


262-97 
263-60 


1103*77 








4*58 




0*18 


263-42 




B.M. foot of post 






1*05 


3*53 




268-95 




Top of said post 





















This method of keeping the level book is adopted by many 
surveyors; the accuracy of the castings is proved by taking the 
difference of the sum of the back sights and the sum of the last 
fore sights, leaving out all the intermediate sights, and the dif- 
ference of the last reduced level, and the same brought forward, 
and when these differences agree, the castings are correct 
Some put the intermediate sights in a separate column, in this 
case a somewhat different method of casting is adopted:— I 
have given this method at page 367 of my system of levelling 
in the ninth edition of Nesbitt's Surveying. 
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PLOTTINO THE WOBKING SECTIOK* 

(See Plate IIL) 
Having drawn the datum line, prick off every chain and 
number them beneath the datum line to prevent mistakes. 
Next prick off the distances in the column of distances, and 
erect the perpendiculars, and just above the datum line, the 
height at each chain's length should be inserted, from the 
column of reduced levels; some also insert the heights of the 
intermediate stations, that the section may be plotted without 
the fear of errors. The horizontal scale in the example is 1 
inch to 5 chains, and the vertical scale I inch to 25 feet; these 
scales are frequently adopted in parliamentary plans. Having 
laid off aQ the heights on the perpendiculars, the undulating 
line forming the surface of the section may be readily drawn, as 
shewn in the plate referred to, and the description of objects 
worthy of notice must be added. The section is then prepared 
for putting on the gradients, &c. 

THE MSTBOD OF LATINO OUT GBADIBNTS, 

Gradients are evenly ascending or descending portions of a 
railway; the ascent or descent being always haa than 1 foot, 
reckoned vertically, to 100 feet on the level, or estimated hori- 
zontally ; thus to afford the means of rapid looomotive traction. 
Some gradirats, however, are level, and such gradients are 
preferable to any other ; but the undulations of the earth's sur- 
face prevent their adoption to any great extent, in by ftr the 
greater portion of railways. 

The extreme left hand point of the section M, Plate III., being 
the point of junction with another railway, is the place from 
whence the gradients are to be laid out : the raihray is repre- 
sented by two parallel lines, the upper one. being the surface of 
the rails, and the lower one the bottom of thie ballasting or 
formation level, being 2^ fioet below the a«rface of the rails. 
For a short distance M N the gradient is level;; the gr«dient 
NO then rises ait the rate of 20 feet per mile,, or oae foot in 
264, for the twofold object of diminishing the great cutting and 
getting sufficiently high over the road at stake 1064 to allow 
headway for public carriages to pass under the railway. From 
this point the gradient O P falls with the same rate a£ inclina- 
tion for a considerable distance, the olject hieing to get as low 
down as convenient further to the eastward where there would 
be a considerable embankment required ; thus reducing the ex- 
tent of both the cuttings and embankments. Each change of 
gradiont is marked by a strong vertical line from the datum 
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line to the point of change, and the height written thereon 
The quantities of earthwork to form the cuttings and embank- 
ments with different slopes should be written on them, as shewn 
in the example (the method of finding these quantities shall be 
hereafter shewn); also above the line of figures denoting the 
height of the surface above the datum, should be placed the 
depth of the cutting from the surface to formation level at the 
same point, or the height of the enbankment, as the case may 
be : these heights and depths are those from which the calcula 
tions of the quantities of earthwork are to be made, and there- 
fore must be strictly correct : these heights and depths are fre- 
quently taken by measuring them carefully with the vertical 
scale of the section, but they may be more correctly obtained 
by calculation in the following manner. Let it be required to 
find the depth of the cutting at stake No. 1083, when the height 
of the surface above the datum is 344*78 feet; at stake Na 
1064 the height of formation level above datum is 269*20, from 
which point the gradient descends at the rate of 20 feet per 
mile, or 0*25 feet per chain, towards No. 1083^ the distance 
from 1046 to 1083 is 19 chains, which multiplied by 0*25 gives 
4*75 for the fiill of the railway in the space between the two 
points; hence the height of the railway above datum at No. 
1083 is 269*20 — 4*75 = 264*45; this sum subtracted icom 
the whole height of the surface gives 344*78 — 264*45 = 80*33 
for the depth of the cutting at that point, and so on for all the 
remaining numbers. In the same manner the heights of bridges 
and viaducts may be found, either below or above the railway, 
recollecting to subtract the reduced level from the height of the 
gradient in the former case. 

It will here be proper to inform the student that the common, 
and, perhaps only practical method of laying out the gradients 
of railways, is by appljring one end of an extended silken thread 
to the section at the commencement of the railway, the other 
end being so applied that the thread may cut the profile of the 
earth's surface, so as to leave equal portions of space both above 
and below the thread, judging by the eye, that the cuttings 
irom the parts above the thread may furnish sufficient materials 
to fill up the spaces or parts below the thread to form the em- 
bankmentQ. If the position of the first gradient, though in 
itself favourable, should cause the next gradient to be less 
favourable, with regard to the extent of cuttings and enbank* 
ments, the position of the first gradient must be altered to suit 
the next following gradient, till it be found that the compound 
result of the cuttings and embankments on the two gradients, 
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or on the successive gradients, as now altered, shall have less of 
cuttings and enbankments than in the preceding case* In this 
way it is advisable to change the positions of the gradients till 
the mimmum of cuttings and embankments seems evidently to 
be attained, due regard being had to the limit in the ascent or 
descent of the gradients, which, as before observed^ ought not 
exceed 1 in 100, also keeping in view, at the same time, the 
proper height for bridges to cross rivers, &c., in the meantime 
the difficulty of making the excavations being supposed equal 
throughout the length of the line. 

Great diversity of opinion prevails among engineers as to the 
propriety of making the gradients subservient to the economical 
construction of railways; lience we find, in many cases, a wide 
departure from the rule, as applied in the earlier days of rail- 
ways. Some of our most eminent engineers of the present time 
are in the habit of laying out what are termed *' severe gradi- 
ents,** so that inclinations of 1 in 80, and even as far as 1 in 
60 are frequently found in the sections of a great number of the 
new and branch lines, which of course is a question of expedi- 
encj, between present saving in construction and. the future 
cost of working the lines. 

In laying out the gradients, it is desirable to affect as little 
as possible the existing levels of public roads ; which, if practi- 
cable, should be crossed either on the level or 20 feet above or 
below them ; if impracticable, the road must be raised or sunk 
to meet the level of the rails, as the case may require; and sunk 
to gain the depth of 20 feet, in case of its passing under the 
railway, the inclination of its approaches to the railway being 
made 1 in 30 in turnpike, and 1 in 20 in other roads ; also, if 
practicable, all stations should be placed at the top of two gra- 
dients descending both ways ; as such gradients both serve to 
check the speed of a train, when approaching such a point, and 
assist it to regain its speed when leaving. 

The height of the gradient over or depth under the surface 
of any turnpike or public carriage road, existing railway, river, 
or canal, must be marked in figures on the section at each 
crossing thereof, as well as the height and span of the arch, or 
arches, forming the viaducts, by which the crossing is intended 
to be effected. 

BUL£ FOB FINDING THS RATE OF INCLINATION OF A GRADIENT. 

Divide the horizontal length of the gradient in feet, by the 
difference of the heights of the gradient at its extremities, above 
the datum line, and the quotient U the horizontal to a rise or 
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fall of one foot, which is called the rate of inclination of the 
gradient. 

BXAUPLB. 

In Plate in. the second gradient at its commencemeDty ie 
261-35 feet, and at its termination it is 269*20 fbet above the 
datum line; thus giving a rise of 269*20 — 261*35 = 7*85 feet, 
the horizontal length of the gradient is 1095*50 -- 1064 =£ 31*50 
chains = 2079 feet, whence 2079 ^ 7*85 « 264, (fractions 
being omitted) or a rise of 1 in 264, or of 20 feet per mUe, u 
shewn on the section in the plate referred to. 

TUNNELS. 

When the excavations reach the -depth of 60 feet, and con- 
tinue at that, or a greater, depth for a considerable distance, the 
most economical method of proceeding with the work is to make 
a subterraneous passage called a tunnel, through these deep 
parts; for it would be next to impossible in many such cases to 
cut the ground open to the surface. Tunnels, on railways of 
the narrow gauge, are usually cut to the width and depth of 25 
or 30 feet, and on railways of the broad gauge they are propor- 
tionably larger. The width and depth of the tunnel are less, 
if the material to be cut be hard rock. A tunnel A B C D, on 
the gradient N O is shewn in Plate ILL ; its length A B is 7 
chains or 154 yards, and its height A C 25 feet All tunnels 
must slope to one or both of their extremities for the purpose 
of drainage; and it will be seen that the tunnel, here referred 
to, slopes to the end A. In laying out the gradients the di' 
minished quantity of cuttings, where there are tunnels, must be 
taken into account. This subject shall be resumed hereafter. 

IJBVELLING WITH THE THEODOLITE. 

The use of the theodolite is sometimes necessary in levelling 
operations, especially when these operations are required to Jbe 
conducted over very high and rapidly rising ground) or over 
steep and almost perpendicular rodcs, where the ordinary level- 
ling instrument cannot be fixed. Select a convenient place 
to fix the theodolite, where the general inclination of the 
surface of the country changes, without regarding its minor 
inequalities; then set the instrument level by means of the 
parallel plate screws, and direct an assistant to go forward with 
a staff, having a vane or fiag fixed to it, of the same height 
from the ground as the centre of the axis of the telescope of 
the theodolite. Having gone to the station required, the as- 
sistant must hold the vane staff upright, while the observer 
measures the vertical angle, which an imaginary line, connect- 
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ing the instrument and staff, makes with the horizon. The in- 
strament and staff should then change places, or, to save time, 
another staff should take the place of the instrument, the in- 
strument being removed to the former staff, and from thence 
the angle should again be taken to the second staff; the mean 
of whichtwo angles may be considered the correct angle. This 
precaution is necessary on account of the variableness of the 
refraction, and more especially so where the points of observa- 
tion are at a great distance, and one much higher than the 
other. The distance on the slope must be measured in the 
mean time, which, with the mean angle, constitute the hypothe- 
nase and angle at the base of a right angled triangle, in which 
the base is the horizontal distance between the two stations, and 
the perpendicular their difference of level, both of which may 
be readily found by trigonometry, or by laying down the tri- 
angle and measuring the parts in question. 

In this manner, by considering the surface of every prin- 
cipal undulation as the hypothenuse of a right angled triangle, 
the operation of levelling may be carried on with great rapidity; 
but it must be remarked, without pretensions to strict accuracy, 
—in fact, in this particular the use of the spirit level can never 
be superseded. 

LEYELLma BT THE BABOMETEB. 

The method of finding the difference of levels for railway 
purposes by the barometer, though frequently recommended, 
will be found to fail in point of accuracy, on account of the sud- 
den changes in the pressure of the atmosphere, on which de- 
pend the indications of this instrument, since 90 feet dlevation 
correspond to only one-tenth of an inch of the mercurial column, 
which difference has frequently been noticed at the same place, 
in a very short space of time, the weather at the same time 
being apparently settled. This method, therefore, can never be 
relied uppn further than as a rough apprownation. 
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CHAPTER n. 

THE METHOD OP LAYING OUT BAttWAY 
CURVES ON THE GROUND. 

(1.) OH BAILWAT CUBVfiS IN 6EKEEAL. 

The natural unevenness of tbe earth's surface makes the use of 
curves in railways absolutely necessary, that the nearest prac- 
ticable level may be attained by avoiding mountains, crags, and 
other elevations, by winding round their bases by means of 
curves; which are also equally necessary in avoiding other na- 
tural and artificial obstructions, not materially affecting the 
level of the line; as rivers, lakes, swamps, &c. ; also towns, 
parks, pleasure-grounds, &c.; thus a great saving results in the 
expenses of construction and in the severeance of valuable 
property. 

In railway practice, the curve adopted is always an arc of 
a circle^ and sometimes two, three, or more consecutive arcs of 
circles of different radii, having a common tangent or tangents 
at their point or points of junction, as in the compound curve. 
Sometimes the railway curve is composed of two or more cir- 
cular arcs, having their concavities turned in opposite direc- 
tions, with a common tangent or tangents at their point or 
points of junction : a curve, thus composed, is called the ser- 
pentine or S curve, 

Note. The arcs of tbe parabola, ellipse, &&, might with propriety be adopted 
as the curves of railways, in many cases, and sometimes with advantage; bat 
the method of laying out these curves on the gronnd is attended with complex 
calculations ; besides a near approach to the arcs of any of these corves may be 
made by means of the compound curve. 

(2.) ON THE DIFFEBEKT UBTHODS OF LAYING OUT 

BAILWAT CURVES. 

It has been found in practice, that at least four different 
methods of laying out railway curves are requisite, partly on 
account of the degree of scientific skill of, or instrument used 
by, the engineer or surveyor, and partly on account of obstruc- 
tions On the ground, as buildings, cliffs, woods, rivers, &c., 
situated either on the concave or convex side of the curve, or 
on both sides, or on the curve itself: also on account of pits, 
swamps, bogs, &c., either wholly or partly preventing the use of 
the surveying chain. 

(3.) ON CURVE RULERS OR MECHANICAL RAILWAY CURVES. 

These curve rulers are a series of arcs of circles, usually 
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made of hard wood, as box or mahogany, and pometimea of 
strong paste-board, with the lengths of their riadii in inches 
marked on them. These curves usually begin with a radius of 
2 or 2^ inches, and terminate with one of 160 or 200 inches. 
The smallest radii commonly increase by half inches up to 10 
or 15 inches; then by 1 inch up to 20 or 25 inches; the 
cnrres in the middle of the series increase their radii by 2 
inches, the next series by 5 and the last by 10 inches. They 
are used to project curves on railway maps, and to determine 
the radii of curves previously projected. 

The annexed figure is a curve of 15 inches radius. If this 
curve is used on a map to a scale of six chains to an inch, it 
will represent a curve of 
15 X 6= 90 chains =e= 1^ mile 
radias. When the scale of 
the map is 2 chains to an 
inch, it will produce a curve 
of 15 X 2 = 30 chains radius. 
In all cases the number of inches in the scale of the map must 
be multiplied by the radius marked on the curve, to give the 
radius of the curve on the map. 

(4.) THE LIMIT OP THE CURVES OF RAILWAYS. 

By the Standing Orders of Parliament a mtmmum limit has 
been conditionally appointed for the radii of railway curves. 
This limitation is rendered necessary, because the centrifugal 
force, or tendency to motion in a tangental direction, of a rail- 
way train of great velocity, in curves of less radius, is so much 
increased as to hazard^ the trains running off the railway on 
the convex side of the curve. This limitation of the radii of 
the curves is not required at or near the terminiy or at or near 
the principal stations of the railway; since in these situations 
the speed of tb€ train must be gradually reduced before reach- 
ing the curve, for the purpose of stopping. Moreover, curves 
of less than one mile radius are admitted with safety, by giving 
a due super*elevation to the rail on the convex side of the 
curves to counteract the centrifugal force. This, however, is 
only done, where engineering difficulties require it. See for- 
mula for the super-elevation of the exterior rail, Chap. VL 

Problem I. 

Case I. — The positions of two straight^ or tangental portions 
9ffi railway beifig given^ to determine the radius of Vie curve 
that joins them. 
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This Protdeniy at first sight would seem to admit rf an in- 
definite number of solutions; but when the limitation (see Art 
4.) is considered, in conjunction with the local obstructimis ci 
rivers, roads, hills, &c., also of buildings or other Taluable pro- 
perty, the problem is frequently limited to one solution, viz., 
that which presents the fewest of these natural or artificial ob- 
structions to the progress of the curre. 

Let A B, C D, be two straight, or tsngental portions of a 
railway, wMch when prolonged meet at T, and the positions <^ 
which are given by a correct map. Apply several of the 
curves, described in Art 3, to touch the lines A B, C D, with- 
out cutting them» as at the points B, C, and at the points B', 

C, &C., and let the curves 
BC, B'C, asc., be drawn. 
Whichsoever of these curves 
presents the most economical 
rout for the line of railway 
ought to be adopted, provid- 
ed its radius be either equal 
tO| or exceed the minimum 
limit, viz., 80 chains; unless 
it be thought adviseable to 
dispense with this limitation, 
for some of the reasons ^ven in Art. 4. The radius of the re- 
quired curve, as already stated in Art 3, is found by multiply- 
ing the number on the curve ruler, by the number of chains 
per inch in the scale of the map. 







Let the curve B C be projected by the ruler marked 24, and 
the scale of the map be 6 chains to 1 inch, required the radius of 
the curve B (X 

24 X 6 = 120 chains &= 1^ mfles BO s CO, the required radios. 

Non. This method of deteimining the radii of railway carves is nsiully 
adopted io practice ; bat since a circular arc, especially one of large radios, ap- 
parently coincides with its tangent for a ceiisidend)le distance* it is diflScolt by 
this method, to And the exact starting and closing points of the curve : besides, 
it too often happens that the map is not strictly correct; in such cases, the 
positions of the tangents cannot be said to be given, therefore, this method can 
only be regarded as giving a rough approximation to the radios and position of 
thecorre^ 

Case TL-^The starting paint B of a raihoay curve being 
gwen^ to find iti radius geometrieaUg, 

Having prolonged A B, DC, till they meet at T, make 
TC s CB, and draw B 0, C 0, respectively perpendicular to 
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AT, DT, meeting in O; then O is the centre, and B = C O 
is the radius of the carve, as is evident from the nature of 
tangents. 

Or, bisect the angle A TB by T O; and at B erect B O per- 
pendicular to 4- T9 catting T O in 0$ then B is the radius 
leqaired. 

Case IIL — fFhen the map is ineotred^ to find ike reuhtu t^ 
curve by meamremeni on ike grmmd^ tke smarting pomi B 

Bange AB, D C, till they meet at T; neasore BT, and take 
the angle A T D, one half of which is the angle A T O. Now, 
in the right angled triangle B T O, B T, and the angle A T 0, 
are given to find BO; which may be readily done by Trigono- 
metry. See Saunas complete and concise work on Ms subject 

Casb it. — When the map is incorrect^ and ihe tangents 
AB, DC, cannot be prolonged till they meety on account of 6b* 
structionsy the starting point B being given. 

From B measure, in the most convenient direction, the line 
BD, meeting CD in D, the angles TBD, TDB, being respec- 
tively taken at the beginnilig and end of the operation, the sum 
of which is the supplement of the angle B TD; whence by tri- 
gonometry B T may be found, and thence BO, as in the last 
case. 

Or, the radios may be found by the following very concise 
formula, 

^Q_ BDxsineZBDT* jBDxsineZBDT 

"" ver. sine of sup. Z B T D sine^ of i sup. zi B TD* 

the latter form being adapted to logarithmic computation. 

* Xkmouttraiion.'-^Let BT, TCD be tan- 
gents to the circle HBC at B, C; the cen- 
tre, BO the radios, and CO H the diameter 
of the circle; and BD a line from the tan- 
g^tal point B to any point D in the other 
tangent TCD. Draw BK, B W, respectively 
-l-toTD,CH. ThenCW = (BK=K)BD 
Bine ^ B D T. But C W is the ver. sine 
Z.BOC to radius BO = BO X ver. sine 
Z. B C to radius unity = B O X ver. sine 
of 8ap./.BTD to radius unity; .*. BO X 
ver. sine of sup.Z.BTD = BD X 8ineZ.BDT, 

, - -, BDXMneZ.BDT ^vn 

andBOs= -li-- -£=--—---. Q. E. D. 

ver. one of sup. /, BTD 

ThiifortMiia is due to B, Gompertt, Esq^ F.RM*y 4o, 
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Problsm 1L 

2 (9 lay out a railway curve an the ground by the common 
method. 

Case L«^Let HA^q^q^ be the tangental portions of a rail- 
way, the extremities A and q^ of which are required to be 
united by the circubr corre Agr^, to which HA, q^q^ shall be 
tangents; the radius of the curve being supposed to be found 
bj one or other of the Cases in the preceding Problen?) as cir- 
cumstances maj be ce^JQu^ 

Let the radius 
i*i this case be 
80 chains or one 
mile; prolong-the 
tangent H A a 
distance A ^ = 
1 chain ; tben 
opposite 80 in 
table Na 1, at 
the end of the 
book, is found 
4'95 inches = 
pqy which set 
off at right an- 
gles to A v^ thus giving the first point in the curve. In the 
direction A q^ measure qp^ = 1 chain, and set off 1,9, = 
twice 9^ ss 4*95 x 2 s 9*9 inches, at right angles to qp^\ 
then q^ is the second point in the curve. This last opera- 
tion must be repeated till the curve shall have been set out 
to the point q^. Lastly q^p^ being meas\ired = 1 chain, 
in the direction q^ q^^ the offset v^ q^ will be found = 4'9o 
inches s= the first offset p 7, thus proving the accuracy of the 
work. In this manner the operation is conducted, whatever 
be the length of the curve. 

Case IT. — ^Let AO = r, and 8 = Ap = qp^ = &c, which 
may be either less or greater than one chain ; then the general 

length of the first and last offsets pq^ n^^^ is h^* <uid the 

length of each of the other offsets is - , or twice the first or 
last offset ; but the length of the offsets given in the table is 

represented by -5- ; therefore, if Ap, p^,, &c., be taken 2 

« r 
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3, or 4 chains, the value of t- must be multiplied by 2^ s 

2 r 

4, 3* x= 9, or 4* =« 16, respectively, to find p q^ and the re- 
sult, in each case, multiplied by 2 for each of the offsets p2 7t» 
Ps989 ^^ ^ ^^^ manner the curve may be set out more 
sp^ily, and with less liability to error, on account of the less 
number and greater length of the lines required in the opera- 
tion. 

EXAMPLE. 

88 1 

Let AO = r = 120 chains, and 8 = 4 chains; then —- = -— 

2r 2r 

X 16 = 3*3 X 16 = 52*8 inches 4 feet 4*8 inches = py = p^q^ ; 

whence (4 feet 4*8 inches) x 2 = 8 feet 9*6 inches = P%q% = 

Ps 93 = &c- 

NoTB 1. When the carve has been correctly set ont, as in Case II., the inter- 
mediate stamps may be pat in at the end of every chain, if reqnired, by the 
method given in Case L The distances of the intermediate stumps, thus put 
ir, win not, in most cases, exceed a chain by a small fraction of an inch ; be- 
caose the lengths of the offsets p^t ptq^t &c., is so small, that the curvilinear 
lengths Ajf, qq^ &c., can never greatly exceed those A o, $* p^, &c 

Note 2. If the carve, in Cases L and II., faU fax short of meeting the tan- 
gent ^4^6, some error has been made, either in the calculation or in the work on 
ih.Q ground, and the operation must be repeated till coincidence be either ob- 
tained, or at least within an inch or two. 

Note 3. The method, given in Case II., is sufficiently accurate when 8 does 

not exceed -^ of the radius of the curve ; but when it exceeds that limit, the 
formola in Case IIL ought to be used for finding the offiets. 

NoTB 4. The offsets to the curves, in the diagrams to this and the following 
Problems, are drawn much larger than they ought to be, in order that they 
may be sbewb more clearly ; indeed a due proportion, in this particular, would 
require diagrams of a larger size to shew the several parts distinctly. Besides, 
only a smaU part of the operation, for a curve of great length, is shewn ; but as 
the whole of the work, except the first and last offsets, is alike, to shew more 
woold be unnecessary. These circumstances the stodent wiU at once perceive, 
and draw the diagrams to a large scale for practice. 

NoTB 5» When the curve has been set out, the rods or arrows that mark the 
iraints qt q^ &c., must be taken out; and strong stumps, from 16 to 18 inches 
in length and 1^ inch square, must be put in their places, firmly in the ground, 
to mark the position of the line. The same kind of stumps most also be put at 
the end of every chain in the straight portions of the line; and the extremities 
of eveiy curve marked with larger stamps, or two or three of the ordinary 
stomps put down together. 

NoTB 6. By this method the greater part of both British and foreign rail- 
way carves have been laid out. It was invented by the author about 30 years 
ago, when the Stockton and Darlington Railway was laid out, and eagerly 
adopted by engineers^ as it involves very little calcnlatioo, and does not require 
the use of a theodolite. It is, however, defective in practice, on account of its 
requiring so very many short lines connected together, as errors will nnavoid- 
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ably creep In and mnltiplj, and mere eepedall jr eo where the gnmnd be roogb, 
tiioa the carte has fteqwntlj to be leinoid several times before it can be got 
right. Henoe the anther prepared the methods in the following Problems. 
fiss Bemarkt cm As M§tkod qfLt^/kiff oat BrnhMg Curvei at the ead oftkite 
PrMtme. 

Cask in.— When 8 ezeeeds ^ of the radius r of the corre, 
the following formnls ought to be used for finding the ofietB, 

and p> ^ = &c « 



^/ra-i** 



EXAMPLE. 



Let r ag 40 a nd < sag 4 chains; thenp^asr — i^t^^ P = 
40 — ^/40>— 4> «= 40 — 12 ^/ 1 1 « -2005 chain » 153-8 inches 

= 13 feet 2-8 inches. Alsop, q^ « = -403546 

chain as 319*6 inches = 26 feet 7*6 inches. 

Non. These (rfEiets are a little longer and more aocnrate than if they had 
been found as in Case IL ; bnt the revolts in these two last Cases dd not mate- 
rially diffnr, when 8 is less than ^ of the radinsi 

/aeese»^a^ibn of ike forvMla need in thie one the foUoumg iVoSCona.— Pnt 
wsspq, (see last fig.) the other symbols remaining the same as before ; and 
draw Or, 0s» respectively perpendicular to A^, qq^y then by similar triangles 

AOzAr(ssiAq):i Aqi j^sspqssv. Bat (Eoc I. 47.) Ags 
V8* + «*, .*. was r*  , or »» — 2rar + 8*=sOj whence wssr — 

2 T 

»s/i* -* 8*. When r is laige, and 8 only 1, 2, or 3 chains, the ralne of the 
anrd ezpressioa is very nearly asr *--^ ; whence w aa r — f r — — j aas 
which is the iwrmola for the first offset pj, as prac tically n^e d. 
Now, pat w 38 />| li^t "^^ ^> ^^^^ 9?t =^ '^^ "¥ *^» ^^'^^ Ape99e^^ 

= co8.Z.sj?0 = 8ine/laOff; and j^l- ,^ j = J (8« + ««). 

By reducing this equation, rejecting the powers of r above the second, (because 

w is always in practice very small with respect to 8, and much more so with re- 

8* ^4 ft — Sn 
Qiect to r,) there resulu ir« = ^^_Q^,y , gy = (approadmately) 

8* 

— T — ; and when 8 is very small compared with r, a* is very nearly = 

f* — ±8* 

8« 82 

— or IT = --, which is the formnia given for the offsets, peq^f Psgst &c.» <& 

oommonly used in practice. 
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Pboblbx HL 

To lay out a rcnhoay curve on the groundy by offsets from Us 
tangents^ no obstructions being sigtposed to pretfcnt the use of the 
chain on the convex side of the curve. 

Case L — When the lengA of the curve does not exceed ^* q^ 
its radius. 

Let A B, DC be 
straight portions of a 
railway, the points C 
and B being required to 
be joined by a circular 
conre BC, to which AB 
DCshallbe tangentSithe 
radius B O of the curve 
being supposed to ,be 
found by one or other of 
the cases in Prob. L, as 
drcnmstances may re* 
quire. 

Bange the tangents A B, D C till they meet at T; and let 
the radius B O ss 80 chains =s 1 mile; measure on B T the 
distance B^ s 1 chain; and at right angles to B T, lay off the 
oSaet qp b= 4*95 inches, by Table No. 1, as in Problem IL; 
then p is the first point in the curve. The offsets p^ q^, />, 9,, 
Pa 9a9 ^^9 which are each 1 chain apart, must be respectively 
2^, 8\ 4?y &c, or 4^ 9, 16, &c., times the first offset p qi thus 
p^q^ = 4'95 X 4 = 19-8 inches, 0,9, =b 4*95 x 9 = 44*55 
inches, p^q^ s 4*95 x 16 = 79*2 inches, &c. 

When the offsets have been thus laid out, till the last one 
q^ pg falls little short of T; lay off the same offsets on T C as 
were laid off in B T, but in an inverted order, making the first 
distance on TC «= the last distance on BT, and the remaining 
distance 1 chain each on to C. 

NoTB. It can rarely happen in piacdfle. that the last oflfiMt8» from both tan- 
Kenta will meet at the middle point ps of the curves as shewn in the figure; 
bnt wiU either interaeot one another or fall short of the middle point ; this is a 
matter of no consequence, although some engineers require the stumps that mark 
the Ime to be placed regularly one chain asonder: the method of doing this 
shall be shewn hereafter. 

* When the curve is longer than i of its radius, the oflbets in most practical 
esses become inconveniently long as weU as not sufficiently accurate, by the 
method here gtv«n for finding them* See Demonstration to Problem IIL, p. 14, 
of Baker's Bmhoag " • • 
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EXAMPLE. 

Let the radias of the curve be 160 chaios, required the offsets 
at the end of every chaiD, from the taugeot to the curve. 
P 9 (per Table No. 1.) =s 2'475 inches. 

Pt9t = 2-475 X 4 ss 9*9 

P39i — 2-475 X 9 = 22-275 

P494 = 2-475 X 16 = 39-6 

&c. &c. &c 

Case IL— 2b la^ out the curve when ii ia any required 
length. 

In a long curve (of which there are some more than two 
miles in length) the tangents, if prolonged to their point of 
meeting would necessarily fall at a great distance from the 
curve, thus giving an inconvenient length to the o&ets which 
in practice should never exceed two chains. To remedy this 
inconvenience the curve must be divided into two or more 
parts, by introducing one or more additional tangents^ thus the 
offsets may be confined within their proper limits. In the 
annexed figure the curve AC is divided into two unequal parts 

at B ; at wUch point 
^ B « the tangent D B E is 

introduced, on the most 
convenient ground to 
meet the tangents AD, 
CEinDandE. The 
tangent AD must first 
be measured to on ex- 
tent not exceeding ^ of 
the radius AO. Then 
in the right angled triangle ADO are given A O, A 0, from 
which the angle ADO may be readily fbund by trigonometry: 
this angle, being doubled, gives the angle A D B, which deter- 
mines the direction of the tangent DBE. This done, the 
offsets to the curve may be laid off, as in the last Case, the order 
of the offdets being inverted on D B and again on B E, &c 




Let A ^ 160 chains, and A D » 20; then by trigono- 
metry,— As 20 (AD) log.. , 1-80103 

160 (A Q) ,.,. , 2-20412 

radius 10-00000 

tan. * Z. A D O = 82^ 52^' ...10-90309 

2 



Z A D B = 165° 45' whence the direction 



BAILWAT CURVES. ' 167 

of DBE becomes known; the offsets will be the same as in the 
last example, It would scarcely be necessary either to calculate 
or take the angle BEG, had it not been advisable to do so for 
the sake of checking the accuracy of the work. 

Note. If the length of the carve be considerable, it may thus he divided into 
3, 4, or more parts, according to its length. 

Case III. — When a curve is set out from severed tangents^ cls 
in the last CcLse^ to make the last and first offsets on any two 
consecutive tangents meet (U one point in the curve. 

This method may be advantageously adopted when the dis- 
tances of the stumps are required to be equal. Measure on 
A D any number of chains less than \ of the radius A O, and 
find the length of the last or longest offset on A D, which sup- 
pose to be Psq^" Then A : A/?, : s/'sS's 'Pz^> whence 
the distance J93 D becomes known, which must be added to 
Ap, to give the full length of the tangent A D. 

EXAMPLE. 

Let A O = 140 chains; then Ap, = | A O = 17^ chains; 

and by taking the nearest whole number of chains, viz., 17 

17> 
chains for the length of Ajjg, we shall have p^q^ = r — r-rr = 

103 chains, and as Ap, is little less than ^ of A O, z?, D is 
sufficiently pear to -J- x 1*03 = 13 links; whence AD = 17' 
chains »f 14 links = 17*13 chains nearly. The remaining pans 
of the calculation are the same as in the last Case, and may be 
put down as below. 

Since the radius A = 140 chains, the first offset. 
p q (per table No. 1)= 2-8285 
P%q^ =: 2-8285 X 4= 11-314 
^3 q^ = 2-8285 x 9 = 25-4565 
p^ q^ = 2-8285 x 16 = 45256 
p, q^ = 2-8285 X 25 = 70-7125 
&c. = &c. = &c 

As the lengths of the tangents B E, E C in the remaining 
portion of the curve must necessarily be limited, the last and 
irst offsets cannot be made to meet on the curve, unless they 
ihould happen to do so; therefore the distances of the stumps 
nust be made equal in this part of the curve by Case I.^ 
.^roblem IL 

NoTK. The methods of Ujing out the curve, given in this problem, have a 
ecided advantage over those given in Problem II. ; as the curve can be made . 
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to tonefa the UrngtafRC rt the reqaind point C, wttlMMit xapwtadlj retndng 
lt» M it oAn theoue in the Problem reftned to. 

Fboblsk IY. 

To lay out the eurve^ where obfintctums^ weh as toater^ 
twampSj pUs^ SfC,^ prevent the use of the chains by two the(h 
doUtee, 

Case L— fFXai the points in the curve are any assumed as^ 
guiar distance <^part 

Let AB be the curve; 
HA» IB tangents at 
extremities; A O its ra- 
dius; and p, p^j ;)„ 
&c^ several equidistant 
points in the curve, 
from each of which two 
lines are drawn to tiie 
ends A, B of the curva 
Let the equal angles, 
made by AB and the tangents prolonging, be determined ; the 
sum of which, or the double of one of them, is the angle A OB; 
and let this angle be divided into any number of equal parts, 
as A/7, />Pt9 /'t P^t ^} which are each double the measure 
of the angles ABp, /> Bp„ &a, or double the angles B Ap^, 
Pd ^Pi9 ^'9 ^7 ^^® nature of the circle, also the sum of tiie 
angles at the base AB of each of the triangles AB/>, ABp„ 
&Cm is equal to half the Z AOB. Hence the following mettiod 
of setting out the curve: 

BXAMPLE. 

Let the angles made by the tangents H A, I B, with A B, be 
each 40°; then the angle A OB = 40® X 2° = 80°; hence 
the sum of the angles BAp, ABp = 80° -i- 2 = 40°; there- 
fore, if the angle AB|> be taken = 1°, the angle BAp = 
40°— 1° s= 39°. These angles may be set out, by having two 
theodolites fixed at A and B at the same time, and, the corres- 
ponding directions Ap, Bp, being fixed upon at the same in- 
stant by means of signals, may be continued by poles till thej 
intersect at p, which will be the first point in the curve. Se- 
condly, takeZ ABp, = 2^; thed^PAp, = 40°— 2° = 38°: 
and the lines Ap„ Bj9„ being continued, as before, till they 
intersect in p „ will give a second point in the curve. In the same 
manner* a succession of points maybe found, by continually 
increasing the angle at A by 1°, and diminishing that at B by 
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the same quantity, till the former angle becomea 39^ and the 
latter 1^, thus giving 39 points in the curve. 

Nons. It maj here be proper to remark, that the obstructions are sometimee 
80 great, that some of the points of the curve cannot be found : in a case of this 
kind, it will be necessary to defer the finding of such points, till the works of 
the railway are so fkr advanced as to present a better opportunity. 

Case II.^— When the points in the curve are at a given dis' 
tance apart* 

Let r be the radius, and 9 the given distance of the points 
in the curve = Ap = pp^ = &c.; and letz. A Bp be taken = 



an arc whose sine is ~*=8 x tabular lengths of the first offsets 

jS r 

used in the two last Problems. This angle must be doubled, 
tripled, &c., to give the successive angles to be taken at B; 
which angles, being successively subtracted form ^ Z. A O B, 
will give the corresponding angles to be taken at A; which may 
be set out as in the preceding case. 

EXAMPLE. 

When r s= 80, 5 = 1 chain, and the angle between the 
radii A O, B O the same as in the last example; then Z. ABp 

= arc to natural sine JL(= -L = -00625) = 0° 21' 29"; 

2 r loO 

whence the other angles are readily found by doubling, tripling, 

&c., this angle; which being set out, will give the consecutive 

points in the curve, each one chain apart, except the last, which 

suppose to be />4 B and which may be either 1 chain, or a 

fractional part of a chain, according to the magnitude of Z. 

AOB. 

NoTB. Mr, Rankme's method of ietUng otU the curve, — ^As this method is evi« 
Gently a modification of the one just given, it shall be here explained. It is 
fomided on the property here given Z. AB/> s= Z. P^P9 ^ &c> =Z. ^^P 

s &c ss arc to natural sine — ; in which 9 is always taken = 1 chain. A 

theodolite is fixed at A, the Z.l> A T is taken, and the distance Aj) = 1 chain 
is set oat from A top, the point/) being brought exactly into the direction of 
the visual axis of the instrument ; the Z. Pa ^ 1* ^s next set out = 2X Z. I' ^ 1** 
and the distance pip^^ssl chain, applied in the same manner as Ap and so on 
to the end of the curve. This method, though theoretically accurate, is even 
i&ore olgectionable in practice than my common method, given in Prob. II., 
Case I., on account of the multiplicity of small angles and short lines required ; 
while errors committed at the beginning of the work, will gradually increase as 
H proceeds, whether the errors result from taking the angles or the short dis- 

* For the investigatioa of this and other foimtda In this work, ace the foot 
notes in Baker^e RaUufay Engineering, 

> 8 
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tanoes A|>, j»j9s, && and espedallj in the disUnoeHy if the groand be rough or 
uneven. Besitles this method cannot be improved hj taking longer chords, ss 
in Prob. IL, Case II.y without a chain of unwieldy length. I would, therefore, 
not recommend this method, especially to trace oat a cnrre of great length, and 
where the tangent at its termination cannot be changed in position, to accom- 
modate the almost nnavoidable errors. Moreoref, Ranbine^s method would not 
have been noticed in thii w>rk,had U not been put Jorih bif eeoeralatdhort m a 
perfect one, 

PnOBLBM V 

To set out the curve hy off teU from its chord or chords^ where 
obsiructionSf on its convex side^ prevent the me of the preceding 
methods. 

Let A C B be a portion, or the whole, of a railway curve, 
H A a tangent at its commencement, TC a tangent to its mid- 
dle point C) and A O, C O its radii. Take, if possible, the 

chord A B an even 
number of chains; find 
the successive offsets, 
corresponding to the 
radius AO and the 
7-^-, \ ^A tangent TC = AD 

H^ ^^N^ \ = i A B, as in Prob. 

m. the last offset TA 
will be = CD; from CD 
subtract the successive 
offsets, and the rem^ders will be respectively the oSBets 
Ps^fl) P99 ^^'9 which must be set off, in an inverted order 
from A to D, and their order must be again inverted in 
setting them off from D to B. If the curve shall not yet be 
completed, the operation may be continued by taking other 
chords, as B E. 

Note 1. It will be seen that the tangent T C, which is parallel to A B, is 
not used in the operation, fiorther than to explain the nature of the method of 
finding the offsets. 

Note 2. This method may be advantageously used where a winding fiver, 
buildings, cliffs, &c., are close to, or protrude in some places over, the conre; 
thus exduding the use of any other method, except that in the preceding 
Problem, which is not always convenient, on account of its requiring two 
theodolites. 

Pboblem YL 

To set out the curve by means of artificial objects^ as buildings 
in tovmsy ^c, ; when none of the preceding methods can be con- 
veniently used. 

If the parliamentary map is inaccurate, a correct one ought 
immediately to be made, when the curve is required to pass 
tlirough a close-built town, or through scattered buildings with 
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small enclosures, such as frequently exist in the vicinity of large 
towns, the following method may be successfully adopted. Put 
marks on the buildings, or other remarkable objects, which cor- 
respond to the position of the projected curve on the correct 
map; through which marks the curve can be laid out, when the 
buildings, &c. are removed. 

Note. The necessity of a correct map, In this case, will at once be seen, 
as it will prerent the imnecessaiy polling down of many boildlngg to make 
way for the carve. 

Problem VII. 

1. To find the radii of the compound curve by curve rulers. 
The compound curve has been defined in Art. (L), page 15^, 

Let AB, C D be the straight portions of a railway which are 

to be joined by a curve passing through or near the point C. 

Apply several of the curve 

rulers so as to touch AB at 

B, without cutting it; and 

that which passes through, 

or very near to C, must be 

selected as a portion of the A 

line of railway. Apply 

another series of curve 

rulers till one be found to 

touch the curve BC at or 

near C, and the tangent 

CDatC. Then find the 

radii BO, CO of the two 

curves as in Prob I., Case I. 

2. When the compound curve has several radii terminated by 
given points. 

If the nature of the ground is such as to require three, four, 
or more curves of difierent radii; also if c' be required to be a 
given point; the method of determining the several radii, &c., 
will be sufficiently obvious from what has been already shewn. 

Problem VIIL 

To set out the compound curve on the ground. 

Find the radii, as B O, C (X; the tangent point, as C; and 
the junction point, as C, with the position of the common tan- 
gent at the junction point; (see last figure) then the difierent 
portions of ^e curve may be set out on the ground by one or 
other of the methods given in the preceding Problems, according 
to circumstances as respects obstructions, &c. If the curve 
consist of three or more portions with difierent radii, it will only 
require a continuation of the same operation. 
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Problem IX« 

To determine one of the two radii of a compound curve by 
calculationj the other radius and the tangent points bang given. 
(See figure to Prob. VII.) 

Join BC; put OB sr OC == R» O'C = (XC — r, 8 s= BC, 
a= Z.TBC', and/3 = Z TCB; then 

la(— « + 2 R sine a) 



8 sine 3 + 2R sine 



,fdt£ 



2 



Whence, having measured the distance B C, between the given 
points, and taken the angles TB C, TCB, the radius CXC = 
CO = r may be readily found. In mining the calculation the 
natural sines must be used. 

Problem X. 
To find the radU of (he serpentine curve mechanicattg. 
The serpentine curve has been defined in Art. 1, page 158. 
In the annexed figure BGC is the serpentine curve; AB, DC, 

the tangents at its 
extremities; BO, 
C 0', the radii of 
the respective por- 
tions BG, 6C, of 
the curve ; and 
OGCX the common 
normal of these 
portions. If the 
curve is required 
to pass through or 
near the point 6, 
the mechanical 
curves, or curve 
rulers, must be applied, till the portion B G of the curve is 
satisfactorily determined, as in Prob. VII. ; after which the 

• Investigation.'^T>TAW Op, Op* -1- to BC ; and through Of parallel to BC 
draw iyq, meeting 0^? in q, Tiien 0(y = R — r, Bj> = R sine a, Oi? = 
R COS. a. Op = r sine /3, O p' = r cos. /3, O g = 0;? — Opf = R cos, a^ 
r COS. iS, and Oq ^sppf = ^ (yQ^^( y^.^ v/(R— r)'— (R cos, a— rcos . Pf 
Also 5 = R sine a + r sine /3 + ^(r — r)a— (Rcos. a — r cos. /3)*. By 
iducing this equation, and putting for sine^ 4* ^^^ ^^ ytHxM l, there results 
f = i^C-^ + ^Rg'Pe^) ^j^^ j3 tjje fQ^^ foy tiie required radios. 
8sinei3 + 2R8in63^i±£ 
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other portion G C may be found in the same manner as in the 
problem just referred to; and, having marked the tangental 
points By Gf Cy and determined the radii BO, CO, from the 
mechanical curves, the operation will be complete. 

Problem XI. 

1. To find one of the radii of the serpentine curve by ctdcuki' 
tioUj the other radius and tangent points being given, (See figure 
to last Problem.) 

By using the same notation as in Prob. IX., we shall have 
the following general formula for finding one of the radii of the 
curve when the other is given, whether the curve be serpentine 
or compound. 

_ i > (+ > + 2 R sine a) ^ 

5sinei3 + 2Rsine2SL±i* 

In the present Problem the upper signs are used ; and by 
assigning the proper values to B, ^, a, and fi^ the length of the 
required radius r will be found. 

NoTB. It may thiu be readQy known whether the required radins is equal to 
or greater or less than 80 chains ; if less, either the given radius must be, if 
posaibky diminished, or the distance of the tangental points increased according 
to the requirements of the case. Also, by joining B G, C G; and determining 
either of the isosceles triangles OBG, CXCG, the position of the common normal 
point, or point of contrary flexure of the curve, may be exactly found, for the 
purpose of setting out the curve on the ground. 

2. When the two radii BO, C C, of the serpentine curve are 
equal to find this common radius by calculation^ the tangental 
points being given. (See last figure.) 

In this case B = r, the other notation being the same as be- 
fore; also put 0- =: arc to cos. ^ (cos, a + cos. 0); then, 

r^ » t 

sine a + sine $ + 2 sine <r * ' 

NoTB. By this very concise formula the common radius may be readily de- 
termined; itma giving tbe most preferable method of forming the serpentine 
curve, when the nature of the ground will admit of its being done. It thus 
may be readily ascertained from the data whether the radius be greater, equal 
to» or less than 80 chains; and, if less, the distance of the tangent^ points must 
be increased, till the required length be obtained ; but, as already noticed, the 
limitation of the radii to be either equal to, or greater than, 80 chains, is not in 
all cases absolutely necessary. 

* By drawing the .-Ls Op, O'j/, and proceeding with the investigation in 
the same manner as in foot note to Prob. IX., the general result above re- 
ferred to, will be obtained. 

t This formula is a particular case of that given in Prob. IX«; its investi- 
gation is also Mly given in Baker's Baibstiti Engineering, 
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Pboblsic XIL 



To make a given deviation from a straight line ofraUvoay^ by 
three curves; that the works of the' line may avoid a building or 
other obstruction^ sitiMted on or near to it. 

1. Let AB C D be a straight portion of the railway, h a 

building or other ob- 
struction on the line. 
Take H Q of a suffici- 
ent length for a devia- 
tion, that the lateral 
works of the line maya- 
void the object at A; and 
through Qdraw a curve 
6QG' of radius Qa = 
to^ or greater than 1 
mile. Draw also, two 
other curves, BG, G'C, 
of like radius, to touch the first curve at 6 and G', and the line 
at B and C- then the lines OCX, O'Of, joining the centres of the 
curves, will pass through their points of contrary flexure at 6 
andG. 

2. CakukOum, Put r s common radius OB = O'Q = O^C, 
a nd d = requ ired deviation as H Q ; then B H = H C = 
^/c?(4 r — d\ and the four equal chords B G, G Q, &c., are 
each = ^/dr. 




Let the deviation Q H = d" = 3 chains, and the radius B 

ss r ss 1 mile = 80 chains; then BH = HC =s v^ 3 (320 -3) 

== 30*84 chains, and B G s G Q = &c. = v^240 = 15*49 

chains. These distances being set out will give the required 

points in the deviation curve B G Q G C, as required. 

KoTB. These deviations are now more frequently made than formerij by 
some of our most eminent engineers to avoid large cuttings and embankments; 
thus contributing greatly to the economy of construction, especially of bianch 
lines where great velodties of transit are not required. 

EXAMPLES OF EXPENSIVE SEYEBANCE OF PBOFEBTY BT 
DfPBOFEBLT SBTTINa OUT BAILWAY GUBYES. 

1. It has been already shewn (Prob. L) that the curve 
adopted in joining two straight portions of a railway, ought to 
avoid, as far as possible, expensive cutting, severance, bridges, 
kc.9 provided its radius be equal to or greater than one mile, if 
other considerations do not require it to be less. The following 
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iDJudicioua violations of this rule came immediately under the 
author's observation. 

In the annexed figure, A R S B is a curve of 1^ miles ra- 
dias, at Westwick, near Cambridge, in the Wisbeach, St. Ives, 
and Cambridge Baiiway: this curve unnecessarily makes an 
expensive severance, by being laid out through a gentleman's 
park, with 100 yards of his house, and by crossing and re- 
crossing a brook 16 feet in 
width at R and S, within ^^ 
the space of a few chains, 
the brook being left by the 
curve only 30 yards, at the 
widest part between the 
points of crossing. Thus the 
line here requires two oblique bridges at R and S, which 
might have been avoided, as well as the expensive severance of 
the park, by extending the tangental portions A C, B D of the 
railway a few chains each, and substituting a curve C D of 
one mile radius to supply the place of the one thus ignorantly 
adopted; the ground being almost perfectly level, and the limit 
of deviation at the same tin^e, admitting, nay at once suggest- 
ing, this improvement of the line, as it respects expense of 
construction. 

2. A similarly expensive severance was unnecessarily made 
in the same line at Histon, about three miles from Cambridge, 
hj laying out a curve of 3 miles radius, through cottages and 
gardens, all of which (being situated within three chains of the 
middle of the line on the north side thereof,) would have to be 
purchased by the railway company ; besides the curve at the 
fame place crossed two public roads within 40 yards of their 
junction : but had the straight portions of the line been ex- 
tended at both ends of the curve, as in the former case, and a 
curve of 1 or 1^ miles radius been employed, instead of the 3 
mile radius, both the cottages and gardens might have been 
passed near their southern boundary, and only one road would 
be required to be crossed, at a short distance from the junction 
<>f the two roads in question, the limits of deviation and the 
ground (being perfectly level) at once suggesting this improve- 
ment to any engineer of ordinary skilL 

There was a slight hope that the head engineer of this line 
^ould liaye rectified these expensive blunders, previous to the 
formation of the railway: sdthough such important matters 
^ere too often overlooked or disregarded in the Hudsonian 
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harry of railway projects; which, I understand, was the case 
on this occasion. 

THB FR^GTIOB OV SN6IKSEB8 IK THB ADOPTION OF CURVES 

IN TABIOUS RAILWAYS. 

The practice of engineers differs very widely in the adoption 
of curves, some choosing curves of large radius, at great sacri- 
fices of cost, and others adopting very small ones to avoid ex- 
pensive cuttings, embankments, &c.. 

On the Great Western Railway, " the curves are in general 
very slight^ chiefly of 4, 5, and 6 miles radius. Mr. Brunei 
considered that even a mile radius is not desirable, except at 
the entrance of a dep6t, where the speed of the engines is 
always greatly slackened. And, except in these instances, the 
only deviation from this rule, which he has admitted, is in the 
curve, about one-fourth of a mOe below one of the inclines, 
where the radius is three-fourths of a mile." — Eailway Maga- 
zine, vol. I., page 418. 

Mr. R. Stephenson, in his evidence on the projected Brighton 
Railway in 1836, stated that no curve had a less radius than 
1^ miles, in the line he proposed, which he considered a most 
convenient radius for the high velocities required for passenger 
trains. Mr. Stephenson does not, however, limit the minimum 
curvatures to three-fourths of a mile, if engineering difficulties, 
or other considerations of a sufficiently important character, 
suggest the adoption of curves of smaller radius. 

On the Chester and Birkenhead, Birmingham and Derby, 
Edinburgh and Glasgow, Arbroath and Forfar, and manj 
others, the minimum radius adopted for the curves is 1 nule ; 
and the same radius is also the minimum in the Birmingham 
and Gloucester, and the Sheffield and Manchester lines, which 
are curved throughout iilmost the whole of their lengths. The 
London and Birmingham line, though constructed through a 
very uneven country, has chiefly curves of a radius exceeding 
1 mile; while the Manchester and Leeds line has curves gene- 
rsflly of three-fourths of a mile radius, with a few considerably 
less. 

A still greater deviation from the minimum limit of one mile 
for the radius of curves, will be found in railways, where gr^at 
engineering difficulties were to be encountered, especially in 
mineral lines. The Taff Yale Railway, which is a single line, 
appears from Sir F. Smith's report to have curves of the sub- 
joined radii and length. 
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Chains radios. Length of cnrre. 
7 7 chains. 

10 26 

11 7 

12 18 

15 several curves ... 201 

20 ditto 182 

22 ditto 173 

25 29 

26 37 

28 21 *- 

30 88 

40 85 

60 20 

80 120 

These curves were used to avoid the repeated crossing and 
recTQSsing the river Taff, and to avoid the formation of several 
lofty embankments. The same considerations have led to the 
adoption of curves of similarly small radius in other mineral 
lines. 

Pambonr's formula may be successfully adopted to assign a 
proper super-elevation to the exterior rail to counteract the 
centrifugal force, arising from high velocities of trains in curves 
of small radius* This formula, with the results deducible there- 
from, shall be given in the last chapter of this work. 

CARELESS EXPENDITURE IN THE CONSTRUCTION OF RAILWAYS, 
FROM THE NON-ADOPTION OF CURVES, FROM IMPROPERLY 
LAYING OUT GRADIENTS, EXACTIONS OF LAND-OWNERS, &C. 

In addition to the expensive and unnecessary severance of 
property by improperly setting out railway curves, of which 
examples, are given at page 175, similar wasteful expenditure 
has resulted from the non-adoption of curves in numerous in- 
stances. It has been shewn in Prob. XII. that a lateral devia- 
tion may be made in a straight line of railway to avoid build- 
ings or other expensive property, deep cuttings, or other en- 
gineering difficulties. This precaution, in a vast majority of 
instances, has not been adopted, as may be seen in the construc- 
tion of a great many of the more early railways ; and much un- 
necessary expense has thus been incurred. 

Also, where the geological character of the country through 
which the railway passes, differs considerably, presenting mate- 
rial for excavation throughout the length of the line, varying from 
loose sand to hard rock, and vice versa ; through such varying 

8* 
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materials the facility or difficulty of excavation must be especi- 
ally ooDsidered in laying out the gradients ; larger excavations 
must be adopted in the loose material, and smaller ones in stiff 
clajTS, hard rocks, &c., than would have been adopted, had no 
such Tariety in the strata existed. Considerable economy in 
the eonsiructian of a railway will result by judiciously taking 
into account all Aese circumstances. These important subjects, 
in the railway mania of 1845, were by far too little, or not at 
all considered, partly through pressing too much business on a 
few of the chief engineers, by which they were compelled to 
confide these important works to unskilful apprentices and 
other incompetent persons, and partly through the ignorance 
or wilful negligence of others, who had the audacity to put 
themselves forth, and were accepted by the public as chief en- 
gineers at that time, by which a worse than useless expendi- 
ture of several milHons of the money of the shareholders in 
these projects was incurred, their blunders being now obvious 
even to illiterate agricultural labourers. 

In addition to this defective system of engineering, the exac- 
tions of the landowners, from small proprietors upwards to 
wealthy commoners and noblemen, were enormous, for the lands 
required of them for the works of almost all the early railways. 
The influence of the two latter classes in the legislature being 
so great, and their opposition to the railway-projects, aifecting 
their respective lands, was so obstinate, that they had to be 
" bought up^* or rather ^^gorged^'* as it was termed; which was 
at length accomplished by giving them from five or six to even 
twenty times the value of their lands, according to their influ- 
ence and rapacity, they then, with apparent reluctance, with- 
drew their opposition; there were, however, many honourable 
exceptions to this system of peculation. It is well known that 
there was a convenient '* Hudsonian method** of stopping the 
mouths of the leading sharks by cramming them with railway- 
shares till they said ^^ enough."* These transactions did not 
therefore appear on paper, so as to be legally objectionable; and, 
finally to settle the matter, almost all the early railway accounts 
were fabricated more or less, in the '* Hudsonian styU^ in- 
cluding dividends to shareholders of at least 10 per cent ; so 
that shares in the leading lines, by the compound effect of en- 
gineering mismanagement and extortion, have now fallen, almost 
without exception, below par; whereas, had proper management 
and honesty been adopted, in conjunction with the present unex- 
pected increase of railway-traffic, there is little doubt that even 
higher dividends than those first promised^ and in some cases, 
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for a short time, obtained, would now be realised by the share- 
holders in many of the leading lines. 

BEHABK9 ON THE INVENTION OF THE METHODS OP LAYING 
OUT RAILWAY CURVES ON THE GROUND. 

No less than twelve gentlemen, in the course of the last 
five years, have published on the subject of laying out railway 
curves; their methods, at least the practical ones, being essen- 
tially the same as the four methods which I invented 30 years 
ago, and which were first published in the Gentleman's Diary ^ a 
second time in the Ninik Edition of Nesbi^s Surveying^ thirdly 
in Baker's Railway Engineering y fourthly and fifthly in the First 
and Second Editions of this work. These methods have been 
generally adopted in practice by engineers up to the present time, 
as being applicable to all cases that can occur, and obviously as 
well adapted to practical use as the nature of the subject will 
admit, and consequently not likely to be superseded by any 
methods that have, or will be proposed, I, therefore, think it 
right to claim the invention of these methods. My attention 
was drawn to this subject at the time of the laying out of the 
first portion of the Stockton and Darlington Railway, and being 
then myself a land surveyor, accustomed to mathematical in- 
vestigations, and residing near the railway in question, as well 
as acquainted with some of the surveyors and other gentlemen 
connected therewith, I communicated three of my methods 
which are given in Problems II. to V., to them; some of whom 
were afterwards surveyors on the Liverpool and Manchester 
Railway and various others that were afterwards projected. 
These methods were at the same time communicated to several 
of my mathematical friends, some of whom are still living; 
among whom was Professor Leyboum, of the Royal Military 
College, Sandhurst, to whom I sent them, with other matter 
referring to the same subject, in 1824, for insertion in the 
Gentleman's Diary, to which, it may be seen, I had previously 
contributed for some years. But on account of the length of 
the subject, the small space that would be allotted to ma- 
thematical papers in the Gentleman's Diary^ and the very 
little public notice then directed to railways, my paper did not 
appear for some years; and, as I did not then anticipate that 
railways would ever assume such general importance as they 
now do, I paid less attention to my paper on this subject than 
it now appears to deserve. Besides, at the same time I ob- 
tained the prizes for answering the prize questions in the 
Gentleman's Diary and the Gentleman's Mathematical Com' 
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pamoHf in the same year (1824), I was conseqaentlj indnoed 
bj mj friends to make preparation to enter myself, as a student 
of 8t. John's College, Cambridge. I, therefore, neglected the 
subject of railway carves till 1834, when I saw Professor Ley- 
boumy who, on account of the then rising importance of rail- 
ways, promised, at his earliest convenience, to insert my paper 
on carves, with improvements and additions, which I then gave 
him, either in the Genileman^s Diary or his Mathematical 
Bepantary: although Professor Leyboum was among those 
that then held opinions extremely hostile to the general adop- 
tion of railways, as Utopian schemes that would disappoint or 
ruin their projectors, and declared his willingness to iusert 
any other of my mathematical productions, in preference to the 
paper in question. He was, however, acquainted with some of 
the leading railway engineers, and on his recommendation and 
that of Dr. Gregory, of the Royal Military Academy, Wool- 
wich, I became from that time, wholly connected with railway 
surveys under various engineers, and parish surveys under the 
Tithe Commissioners for first class maps See pages 58 to 61, 
where I have given the chief lines of construction of several 
parish maps, including those reconmiended by the Tithe Com- 
missioners. 

Professor Leyboum, having satisfied the claims of his other 
contributors, at length inserted my four methods of laying out 
railway curves, in November, 1837, in the GentUmarCs Diary 
for the following year; however, through some inadvertency, 
the original paper was not accompanied by the improvements 
and additions, above referred to. Besides, it is here proper to 
add that I communicated these four methods to at least fifty 
gentlemen, previous to their publication. 

The gentlemen that have published on this subject, after the 
publication of my paper, are Rankine, Heald, Castle, Law, 
Huntingdon, Hill, Gardner, May, Darbyshire, Charlton, 
Broadie, Kennedy, and Hackwood. Mr. Rankine's method has 
the best claims to originality; it is, however, only a modifica- 
tion of my method, given m Prob. IV., and possesses, moreover, 
the defect of my method given in Prob. II., (see Note, page 
169). One of these authors recommends three of my methods, 
suggesting what he calls ^^ improvements^ on my method 
Prob. IL by means of tedious formulae to calculate minutiae 
hardly appreciable in any curve that occurs in practice: he 
also recommends the offsets to be laid off radially from the tan- 
gent to the curve, which would require the centre of the curve 
to be found, which is well known to be impracticable in most 
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cases, and in all cases unnecessary. Another of these authors 
recommends what he calls the method by ''curve frames," 
which is theoretically little different from my method in Prob. II., 
and has the same defect; to remedy which, he devotes five or 
six pages of his work to geometrical methods of making the 
defective curves fit one another by introducing new tangents, 
these methods being chiefly impracticable on the ground, and 
consequently of no use. Several of these gentlemen give tables 
of offsets, extended over from 20 to 60 pages, the use of which 
are at once supplied by a table of one page at the end of this 
work; while others give a variety of complex formulae for cal- 
culating the offsets, which will be anything but acceptable to 
those who have been accustomed to lay out railway curves by 
my methods. 

Almost all these authors have published one or more of my 
methods, without acknowledging from whence they obtained 
them, excepting what two or three of them have taken from 
Mr. Rankine, Isolated methods have been published by others 
OQ the same subject in periodicals, but these are either copies, or 
slight variations of my methods, or such as are not conveniently 
practicable. 

As exceptions to the rule adopted by the gentlemen above 
referred to, two highly talented gentlemen, Professors Tate and 
Toung, have duly acknowledged me as the inventor of these 
methods, the former in his Geometryy and the latter in his 
Meiisuration. Mr. Ryde, in his very able " Text Book for 
Architects, Engineers^ S^c,^ has transcribed several parts of the 
following chapters of this work, which he has acknowledged in 
a very complimentary manner; but on the subject of laying out 
railway curves he has, I think inadvertently, ascribed three of 
my methods to Mr. Law, adopting what that gentlemen calls 
** improvements '* on my method in Prob. II., also his other 
^^improvement of laying out the offsets radially^* on my 
method in Prob. III., which " improvements " have been al- 
ready noticed. 

I have now briefly given a kind of history of my invention of 
the methods of laying out railway curves on the ground, in 
^hich I anticipated by more than twenty years aU that has since 
been done by other authors, at least as far as real practical 
ntili^is concerned. These methods, in conjunction with the 
contents of the following chapters, constitute a complete and 
fundamental system of laying out railways, a system second in 
utility to none of the inventions of modem times; and ^vhich 
has been long fully adopted in practice, this being its fifth 
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suooessive pubUeation, all of which have been well received by 
the public. 

T. Bakeb. 



CHAPTER m. 

ON SETTING OUT THE SURFACE WIDTHS OF 

RAILWAYS. 

After the centre of a railway has been marked out, as directed 
in Chap. II., the line must again be carefullj levelled, and the 
stumps that mark the line must be numbered and entered con- 
secutivelj in the level book in a vertical column, with the cor- 
responding depths of cuttings or embankments in a second 
column (see Level Book, p. 187); these depths are estimated 
from the formation level, which is commonly about 2 feet below 
the intended line of the rails ; the 2 feet are afterwards to be 
filled up with gravel to form the permanent way. 

The line is now prepared for setting out the surface widths, 
the simplest case of which is when the surface of the ground is 
level as well as coincident with the formation level of the in- 
tended railway. In this case it is only required to set out half 
the width of the formation level on each side of the centre stump, 
perpendicular to the direction of the railway, adding to each 
half width the intended width of the side fence, and putting 
down stumps to mark the half widths and breadths of the 
fences. — When the surface of the ground is above or below the 
formation level, which is commonly the case^ the widths must 
be set out by the following Problems :— 

Problem L 

To set out the width of a railway cutting, when the surface of 
the ground is laterally level, and at a given height above the 
formation level, the ratio of the sloped being given. 

In the annexed cross section of the cutting, R S is the 
horizontal surface of the ground; AB the formation level; 

* The mtio of the slopes is the proportion that the batter C a bears to the 
depth A a. When this ratio is as 1 to 1, C a ^ A a; when it is as !§ to I* 
Ca == 1§ times A a. This ratio varies according to the nature of the material 
throogh which the catting is made^ being less in rocky or clayey gromid, and 
greater in soft or sandy ground. 
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AC, B D the side slopes; M the middle stump, and Mm = 

Aa = B& the perpendicular depth 

of the cutting^ Multiply the depth r c u. Mi h i> g 

Urn hj the ratio of the slopes, to 

which add the half width A m or 

aM, the sum is half the surface A^ B 

width of be set out from M to C ; 

after which set out R C for the width of the fence. The same 

operation must be repeated on the other side of M. 

EXAMPLE. 

Let the width of the formation level AB = 33 feet, the depth 
Mm of the cutting 30, the ratio of the slopes as 1^ to 1, and the 
width of the side fences each 6 feet; required the width of the 
cutting, and the width of land included by the fences. 

30x li+ V = 45 + 16^ = 61i feet = MC = MD = i width 
of cutting; and 61^ + 6 = 67^ = MR = MS = ^ width of land. 

The double of this is the whole width. 

Constrtiction of the cross section. Draw A B = width of 
formation level = 33 feet ; perpendicular to A B, at its middle 
point m, draw Mm = given depth = 30 feet; through M parallel 
to AB draw CD, making CM, MD each = ^ AB -r 1^ x M»»; 
job AC, BD; then ABDC is the cross section required. 

^OTB 1, The ntimbera in the column, marked ** computed half-widths," in the 
level book are found by this Problem. 

^OTB 2. If the figure ABDC be inverted, it will represent the cross section of 
an embankment; for setting out the width of which the same method obviously 
applies, as that j^t given for a cutticg. 

^OTB 3. Let 0) = AB = breadth of the formation level, d = Mm := depth of 
cutting or embankment, and r = ratio of the slopes. Then 1 : r ; : d : dr = a C ; 
hence ir4.|^«) = MC=:MD;2(<;r-f-ia))=:2<fr-f-a>=:CD=s surface 
width of cutting or embankment; and i(AB -(- CD) X Mm s= (dr + »)(i 
* area of the cross section. 

Problem II. 

The same things being given as in the last Problem^ to set out 
^c toidth of the cutting, when the ground is laterally shping^ the 
Pratfall of the ground in a given horizontal distance being 
also given, 

Let C D be the sloping surface of the ground, ABDC the 
cross section of the cutting, and ^ H a horizontal line passing 
through the centre stump, M, M D' being the computed half 
^dth of the cutting. — Fix the levelling instrument so that by 
turning the telescope 2, 3 or more chains of the line may be 
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seen, on both sides of it; set up a levelling staff at M, and an- 
other at ^1 not ezoeeding a chun's distance from M, observing 

the level readings 
on both staves, the 
difference of which 
is equal to pg; mea- 
sure the sloping and 
horizontal distances 
M^, Mp with a tape 
line in feet. Then 
take the computed 
half width MD; 
(found by the last Problem) and multiply it by M 9, reserving 
the product ; multiply the difference of the stave readings p q 
by the ratio of the slopes, add and subtract the product to and 
from the horizontal distance M p, reserving the sum and differ- 
ence; lastly, the reserved product, being divided by the reserved 
sum, will give the corrected half width M C, and by the re- 
served difference the corrected half width M D. 

^EXAMPLE. 

The depth of the cutting at M is 22 feet, the bottom width 
A B = 36, the sloping distance M 9 = 25, the level distance 
Mp = 24, the difference of the readings of the staves p ^ = 7 
feet, and the ratio of the slopes as 1^ to 1. What are the cor- 
rected half widths M G and M D ? 

22 X li + V = 33 -f 18 = 51 feet = computed half width 

25 



24 
7 X li = lOj 



1275 reserved product. 



reserved sum = 34^) 1275 (36-95 feet = cor. ^ width M C 

reserved diff. = 13^) 1275 (94*44 feet = cor. \ width MD. 

Construction of the cross section, — ^Draw B D' M m, as in 
Prob. L; lay off the given horizontal distance Mp = 24 feet; 
draw p q parallel to M m, and equal to the difference of the 
stave readings at M and q ; through M, q draw C D, meeting 
A C in C and B Df prolonged in D ; then A B D C is the re- 
quired cross section. 

Note 1. The following general formula for the values of MC, MD, is easily 
remembered, and would perhaps be preferred to the rule, aa given above, by 
those who are accustomed to the use of symbols. 
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fl»'« 



Comcted | width = j-^; — v . 

The podtire sigii is vsed for MC, and the negative for MD; MI/ being = a/, 
pq = h, "hLq = t, Mp = I, and the ratio of the slopes as r : 1. The in- 
vestigation of this fonnnla is given in Baker'g Railway Engineering, page 35, 
wherein^ when h is very small, a may be taken =: / without error. 

NoTB 2. If the figure A B D C be inverted, it will obviously represent the 
cross section of an embankment of like dimensions, the longer Stance, in this 
use, being measured down, and the shorter up the slope. 

Problem III. 

The same things being given, as in Prob. II., io set out the 
width, when it consists partly of a cutting and partly of an em- 
bankment. 

In the annexed figure B DP C A is the cross section of the 
works of a railway, consisting of the cutting B P D and the 
embankment A P C ; A B 

is the formation level, M ^^ 

the central stump, and D C ^^/^/d 

the sloping surface of the ^^^^y/ 

ground. When the cutting M<f<^^y^' 

BPD extends over more ''"Z ^^^' 

than half the formation level aJ^>Tp* ^ 

AB, the corrected half Yi^"'^ 
width M ry is found as in "''^ 
Prob. n. But to find the 

other corrected half width MC, passing under the embankment 
A PC, proceed as follows. Multiply MD by the difference of 
the width of the formation level A B and the estimated half 
width MD', and divide the product by MD, and the result will 
te corrected half width M C. 

EXAMPLE. 

Let the bottom width AB = 36 feet, the depth Mm = 4 feet, 
the ratio of the slopes as 2 : 1, and the difference of level 
readings 7 feet at 2^ and 24 feet from the central stump, re- 
spectively estimated on the slope and horizontally; required the 
corrected half width M D, M C. 

% Prob. L... 4 X 2 + — = 26 feet = estimated \ width MD. 

% Prob. 11. . ^f^ ^ ^^^ = 65 feet = corrected \ width M D. 
24 — 7 X 2 * 

% Prob. III. ^^X(5f^^^) = 25 ft. = corrected i width M C. 

26 * 



186 CUTTING AND IMBANKING. 

Consfruciion of the cross «ecAibn.^-Proceed.as in Problem II., 
excepting that A C mu8t here be drawn parallel to B D. 

NoTB 1. The formula fbr finding the oorreeted half-width, where tiiere is 
hoth a cutting and an enbankment is 

wherein ct is the width of formation level, and the other symbols the same as 
in Note I, Prob. II. See Baher't Railway Engineering, 

NoTB 2. To find the distance firom M to P, where the catting and embank- 
ment meet, nse the following proportion ; 

asj7$:M9::Mm:MP, 

that is, 7 : 25 9: 4 : ^^-—-^ sss 14-28 feet s MP. 

7 

or the formula -r- := M P. 

A 

Note 3. When the sloping surface of the cutUng passes through the middle 
point of the formation leVel, that is, when the points M, m, and P, coincide; 
then »' ss I «, and the formula in Note 1, becomes 

MC = MDs=,-A^. 
l"^ rh 

In this case the catting and embankment are equaL 

"Sfyr^ 4. By inverting the cross section of this Problem, it will at onoe be 
seen that a like calculation will be required, in the case of APC being a cottiog. 
and B P D an embankment. 

Problem IV. 

To find the surface vncUh of a cuttitig where the groutid is 
very uneven. 

The annexed figure is a 

n a cross section of ei cutting, 

# ^ , C^Ti wherein the surfac^ CMD of 

%^— ^f^^ — y^'L ^^® ground is very^ uneven. 

^ i>^%^^^ I y^ ' The method of solviaig this 

•^ >K^ i ^ Problem is by approxtoatioD, 

-^ ® and will be best shoM^ftby an 

example in numbers. 
Let AB s= 36 feet, Mm = 32, and the ratio of the slopes as 
2:1; then MC = Miy = 32 x 2 + ^ X 36 = 82 fetfc lay 
off this distance horizontally from M to ^; then d is dij^tlj 
above !>• Observe the difference of level readings at M aiM 
which in this case is 9 feet; which being multiplied by If 
ratio of the slopes, that is by 2, gives 18 feet = approximate oL 
tance D d; whence MD = M<i + cfD = 82 + 18 = lOO £qM 
Again, place a level staff at D, and the reading will be found I 
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be 9.7 feet greater than that at M, or 9*7—9 = 0*7 feet greater 
than at d; therefore the place of the point D requires further 
correction, which is thus effected; 0*7 x 2 s= 1*4 feet = second 
correction; whence MD = 100 + 1*4 = 101*4 feet; which, as 
the latter correction is small, may be safely assumed to be the 
true distance of D from M, or the horizontal distance li^ q. The 
method of finding the other corrected half width MC = horizontal 
distance M c, is the same as that just given, excepting that the 
repeated corrections are subtracted from the computed ^ width 
instead of being added thereto. In this manner the horizontal 
distance of C from M is found to be 61*8 feet. 

Construction of the cross section, — Draw A B IV C, as in the 
preceding Problems; on C M I/, as a datum line lay off the re- 
duced levels of the several undulations of the surface CMdD 
of the ground; (see Chap. L, p. 148,) then AB D C is the sec- 
tion required* 

KoTB I. When the difi^xenoes of the levels at M» d and D are very great, it 
will require three, four, or more approximations, similar to those just given, to 
each of the corrected half widths. 

NoTB 2. This cross section may be inverted for an embankment, as in the 
preceding Problems. 

LEYBL BOOK. 

A level book of the following form is used in setting out the 
cuttings and embankments of railways. 



No. of 
Stumps. 


Depths of 
Cuttings 

or 
Embank- 
ments. 


Computed 

Half 
Widths. 


Corrected Half Widths 
to Edge of Cuttings of 
Foot of Embankment 


Whole 
Widths 

including 

Fences, 

each 6 feet 

in Width. 


North. 


South. 


^ (133 

1 il84 

§ (l85 

^u (186 

1 i <^ 187 
i S (188 


feet 
2800 

4-00 
30*60 

2*16 
16-08 
2000 


feet. 

57-00 

21*00 

60-90 

18-24 

39-12 

30-00 


feet 

61*80 

22 63 

64-77 

18-00 

40-68 

3616 


feet 
101*40 
48-37 
71-32 
19-44 
58-24 
4800 


feet. 
175-20 

8300 
148 09 

49*44 
110-92 

96*16 



li Note. The depths in the second column, are found by calculation. (See 
.jivelling, p. 154,) or by careful measurement from the sections; but the latter 
Ihod is the less correct of the two. The computed half widths, in the 3rd 
7 itan, are found by Prob. I. ; the corrected half widths, in the 4th and 5th 
;e 0^ \^y probs. II., IIL, and IV. , and the widths in the last column are the 
} (eW these in the 4th and 5th pha the breadths <^ the two side fences of 



r 
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Problem V. 

To ealcuUUe ike quantity of land for a projected railway. 

In preparing the estimates for a projected railway, the required 
quantity of land is commonly found, without respect to the 
lateral sloping of the surface of the ground, by taking con- 
siderable lengths of regularly rising or falling ground, in one 
calculation, the depths of the ends of such lengths being mea- 
sured for Uie purpose with the vertical scale. 

Bulb.— -Find the surface widths, fences included, from the 
given depths, at each end of the given length, by Prob. L; 
multiply their sum by the length in chains, and divide the pro- 
duct by 1320 for the product in acres. 

EXAMPLE. 

Let the length be 16 chains, the depth of the cross sections 
at the ends 18 and 58 feet, the width of the formation level 
36 feet, the ratio of the slopes as 2 to 1, and the width of the 
fences 6 feet each; required the area of the surface. 

By Prob. L 

36 + 18 X 4 + 6 X 2 = 120 = width of one end, 
38 + 58 X 4 -f 6 X 2 ss 280 s= width of the other, 



400 = sum of widths. 
16 



132-0)640-0 



The content = 4*84848 = 4a. 3r. 61/y. 

Or, by putting ^ and «" = computed \ widths of cuttings, ai 
found by Prob. I., / s= length, and / = breadth of one of thi 
fences, there will result. 

Problem VL 

To find the exact quantity of land for a railway. 

Rule. — Take the widths, at the end of every chain, from t 
last column of the level book; add continually together the fi 
and last widths, with twice the sum of all the intermediate widtb 
and divide the result by 1320 for the content in acres. 



i 
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EXAMPLE. 

Required the content corresponding to the several widths, in 
the preceding level book. 

83-00 
148-09 

49-44 
110-92 



391-45 
2 



782-90 = twice sum of intermediate widths, 
175-20 = first width, 
96-16 = last width. 



1320 



f 12 
tllO 



1054-26 
87-855 



•79868 = Ofl. 3r. Sp. the content. 



Note. It is usiial in practice to find the contents of the ground required 
Jt the works of a railway fit>m the several proprietors, by measurement fh>m 
he two-chain plan, prepared for the use of the contractors. Copies are iJso 
tken from the plan, showing the positions and extents of ground required ttcm 
he several proprietors for the works of the railway. 



CHAPTER IV. 

TUNNELLING. 

1. When the depth of a railway cutting reaches 60 feet, and 
he ground afterwards rises rapidly for a considerable distance, 
lie further progress of the works of the line will be the most 
conomically conducted by making a tunnel : previous to the 
stting out the earthwork of which, the ground, under which it 
asses, must be again levelled with great care ; and, if the 
innel pass beneath a very high summit, the levelling operation 
lUst be checked by the method given in Chap. I., p. 156: for, 

there be the most trifling inaccuracy in the section, the gra- 
ient or gradients, on which the tunnel is proposed to be formed, 
ill not meet at the points shewn on the section, thus greatly 
abarrassing the mining operation. See the tunnel, Plate III. 

2. If the tunnel be formed on a single straight gradient, the 
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gradient must be so arranged as to incline to one of its ex* 
ftremities; that thus the water, generated in the tunnel, may be 
discharged. Strong straight poles must be firmly and perpeo- 
dicularly fixed on the surface of the ground, in the proposed 
direction of the tunnel, one of which must be at the summit, 
from whence the direction of both ends of the tunnel may U. 
obsenred, that the shafts from the surface to the tunnel may be 
sunk in the true direction. The shafts are usually sunk at the 
distance of four or five chains from one another, for the purpose 
of ventilating the tunnel, as well as for drawing the earth, &c. 
out of it, and for checking the accuracy of the work, during the 
mining operation, the depths of the shafts being determined by 
measurement from the section. 

3. If the tunnel be a long one, and in springy ground, it 
would be advisable, if convenient, to form it upon two gradients, 
inclining to the extremities of the tunnel, as this arrangement 
would contribute much to the liberation of the water, during tbe 
mining operation, which is usually commenced at both ends of 
the tunnel at the same time, — ^but, if the work of the tunnel be 
required to be also commenced at the bottom of the shaits, as 
soon as they are sunk, which is sometimes the case, the generated 
water must be drawn from the shatlts, or a head-way must be 
driven from the extremities of the tunnel to the shafts to take 
off the water.— A faead'«way being only 5 feet in height and 3 
in width, may be more readily formed than the more extensire 
works of a tunnel, and will be found the most efficient method 
of draining a tunnel in a wet or springy ground, and thus greatlj 
facilitate the mining operation. 

4. When the tunnel is required to have a curve, through 
a part or the whole of its direction, the curve must be carefallj 
laid out on the surface of the ground, by one or other of tbe 
methods given in Chap. IL, proper allowances being made foi 
acclivities and declivities, and strong poles being fixed in the 
whole direction of the tunnel, as pointed out in Art. (2.), that 
the shafts may be sunk so as accurately to meet the works of 
the tunnel below, that their true direction may be secured, this 
will be more especially necessary where the tunnel is curved, 
though curves ought, if convenient, to be avoided in tunnels, as 
accidents, attributable to curves, are more dangerous in tunnels, 
there being less chance for escape, while assistance cannot be so 
efficiently given in such secluded situations. 

5. If the mining operations of the tunnel be required to com* 
mence at the bottoms of the shafts, before the head-ways have 
be^n driven to them from the ends of it, the angle that tbe 
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magnetic meredian makes with the direction of the tannel mast 
be carefully observed at the top of each shaft, with a miner's 
compass, (a kind of drcumferentor,) that the proper direction of 
the work may be set out with the same instrument at the bot- 
tom of the shaft: but, if the tunnel be curved, the direction of 
the tangent to the curve at the top of each shaft must be ob- 
served, that the same direction may be given to it at the bottom 
of the shaft, and that from thence the curve may be laid out in 
the tunnel, in the same direction as it was on the surface of the 
ground; it would be also advisable to bore from the surface to 
the tunnel, before the works thereof have proceeded far, to test 
their accuracy, as ferruginous matter in the earth might cause 
the magnetic needle to deviate, and thus give a wrong direction 
to the works, if this precaution be not taken. 

6. The excavations of a tunnel on the narrbw gauge should 
be about 80 feet in depth and width, the depth extending 5 or 6 
feet below the intended line of the rails, to give room for the 
inTerted arch, and the ballasting: but when the tunnel is made 
through rock sufficiently hard to form the side walls, its height 
need not exceed 22 or 25 feet, and its width 26 feet, the exca- 
vation in this case extending only to the formation level. For 
the railways on the broad guage the excavations of the tunnel 
must be proportionably larger. 

The cross-section of the masonry of 
tnnnel is shown in the annexed figure, 
with the ballasting on which the rails 
are laid. This cross-section is such as 
is [required where the excavation of the 
tunnd is made through loose earth, the 
arch above being only requisite when 
made through hard rock. — The follow- 
ing notes on the construction of tunnels, 
are chiefiy extracted from Dempset/s 
Practical Railway JEngineenng, 

Note 1. like mining and all other sabterranean operations, the constmc- 
tion of a ttumel can be but little aided by mechanical appliances; it chiefly 
requires hard manual labour, exercised nnder drcnmstaaoea which do not ad- 
mit of that tboroogh soperintendance which promotes economy, and, moreover, 
liable to miforeseen interruptions, of surmounting which neither the manner nor 
the expense can be predetermined. Thus the Kilsby tunnel, on the North 
Western Bailway, was estimated to cost £40. per yard lineal ; whereas the 
actual cost was £130 per yard, owing to its intersecting a quicksand that had 
escaped the trial borings. Thus a vast expense was incurred in setting ty) and 
working pumping mad^inery to dry the sand. The Box tnnnel on the Great 
Western Bailway, excavated through oolite rock, and lined with masonry only 
through a portion of its length, cost upwards chP £100. per lineal yard. The 
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length of this tmmel is 8123 ytrds, or upwards of 1) miles; it has eleven prin- 
dpftl shafts, and foor intermediate ones. The Bletchingly and Saltwi 
tunnels in the Soath Eastern Railway, cost respectively £72. and £118. 
lineal yard, the greater cost of the latter work arising from the great body 
water in the sand which it interseets. — The method of proceeding wii 
tonneOing depends mainly npon the kind of material to be excavated. Th 
having been generally ascertained by boring and trial shafts, which most be 
sufficiently capacious to admit readily of lowering men and materials, raising 
materials excavated, fixing pumps, and also for starting the headway of the 
intended tunnel, when the required depth is reached. 

None 2. The worUng shafts are made fh>m 8 to 10 feet internal diameter. 
They are of brick work, usually 9 inches thick, and carried up 8 or 10 feet 
above the surface of the ground. These, and all other shafts, rest upon curba 
of cast iron, fitted into the crown of the tunnel, and farming a level base fbi 
the shaft. The air shafts are of a smaller thickness and diameter, the latter of 
which is usually about S ftet — The number of wortdng shafts will depend 
chiefly on the rate of speed with which the work is required to be accomplished. 
With plenty of men, horses, material, and plant, the work is much fiscilitated 
by sinking extra shafts, which will ususlly repay their cost. 

NoTB 3. The Watford tunnel, 75 chains in length, on the North Westers 
Railway, was worked with six shafts, about 8 feet internal diameter; the brick 
work was moulded to fit the circumference of the shafts, and laid in two half* 
brick rings. Air shafts were sunk at about 2^ chains distance on each side of 
each working shaft. The arch and side of the tunnel were chiefly made two 
bricks thick, and the invert one and a half brick, except where the stratam, 
passed through, seemed to suggest an increased or diminished thickness. The 
fbrm of the top of the tunnel is nearly semi- circular, supported by curved side 
walls standing on stone footings, or skew backs, which rest on the invert 

KoTB 4. In commencing the work of the Saltwood tunnel, referred to in 
Note 1., great difficulty was encountered from the great quantity of water in 
the green sand, which the tunnel intersects. The course adopted was to make 
a headway 5 feet high and 4 wide quite through the hill, on a level with the 
bottom of the tunnel, in which the water was collected and drained off befbn 
the tunnel was begun. The size of this, and also the Bletchingley tunnel, k 
24 feet wide at the broadest part, 30 feet including the side walls ; 25 feet higb 
in the dear, 30 feet including the invert and top arch, and 21 feet above the 
level of the rails. The brick work of the top arch and walls varies from 2^ to 
4 bricks in thickness; and the invert is 3 bricks in thickness. 

KoTB 5. The section of the Box tunnel, already referred to, was designed to 
be 27i feet wide at the springing of the invert, and 30 feet wide at a height ol 
7| feet above this, and the clear height above the rails 25 feet. As a greal 
portion of the tunnel is constructed by mere excavation, and without masonry, 
these dimensions ar^ in some cases, departed from, in order to clear away loose 
portions of the stone, and secure solid surfaces. Where brick work is used, th( 
sides are seven half brick rings in thickness, the arch six, and the invert four 
During the construction, the constant flow of water into the works, from the 
numerous fissures of the rock, compelled pumping on a most expensive scale t4 
be adopted. 

Note 6. When much water issues from the earth, in sinking shaft;s or build 
ing tunnels, the back of the wall should be well lined with puddle, and Romai 
cement should be used instead of mortar. The entire tunnel at Kilsby va 
built with Roman cement, the thickness of the brick-work being mostly 2' 
inches. This tunnel is 2423 yards long : it has two ventilating shafts 60 fee 
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in diameter; the brick-work of which is 3 feet thick, and laid in Soman cement 
througbout : these shafts intersect the line of the tunnel, and form curved 
recesses, by part of their width extending beyond the tunnel on both sides. 



■*• 



CHAPTER V. 

THE METHODS OF FINDING THE CONTENTS OF 

EAILWAY CUTTINGS, &<n 

In making the estimates for a projected railway, the contents 
of the several cuttings, embankments, Sec, are in most cases 
found by tables, calculated for the purpose, the surface of the 
ground being considered as on the same level as the centre oj^ 
the line. But when the projectors of the line have been em- 
powered to construct it, cross sections of the cuttings are care* 
fully taken, at every variation of the surface of the ground, 
especially if the surface be sidelaying, or inclined laterally with 
respect to the direction of the Ime, as in the cross sections in 
Problems tl., III., and lY., Chap. IIL The distance of these 
cross sections may vary from 10 or 12 chains to less than 1 
chain, according to the regularity or irregularity of the slopes 
of the surface. These cross sections must next be plotted on a 
large scale, as in the problems just referred to, and their areas 
found by any of the methods given in Chap. IIL, preparatory 
to finding the contents of the cuttings by tables; but if the 
surface lines of any of the cross sections be level, or so nearly 
so as to be readily reduceable to a level surface line by casting, 
their areas need not be found, their depth only being required 
ior finding the contents by the tables. 

NoTK. Some take a mean of the areas of every two consecutive cross sections, 
and others a mean of the depths, where the suxface line is level, as a hasis for 
calculating the contents of the cuttings, which methods are both erroneota, espe- 
ciciHy voh^ the consecutive areas or depths of the cross section differ conn 
nderabfy, 

TABLES FOB FINDING THE CONTENTS OF RAILWAT 

CUTTINGS, &C. 

Numerous tables exist for this purpose, some of which are 
voluminous; those by McNeill, Bidder, Huntingdon, Hughes, 
Basbforth, Sibley, and Kutherford, Law and Lowe, are well 
adapted for the purpose, assuming the surface line of the cross 
sections to be level, or to be reduced to that position; but none 
of these tables will properly apply to sectional areas, which is the 
most important part of their use, excepting Bashforth's; hui his 
method of using them is erroneous^ Ae error approximating to 
50 per centj as a maximum. I would therefore recommend for 

9 
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this purpose, the General Earthwork TaUe^* in conj miction with 
Two Auxiliary Tables^ on the same sheet in Baker's Engtneer- 
ing^ as being applicable to ail varieties of ratio of slopes and 
widths of formation level in common use; and with the help of 
Barlow^ $ Tables of Square Boots, these tables will apply to sec- 
tional areas, with all the mathematical accuracy that can be at- 
tained, with very little more calculation than adding the contents 
between every two cross sections, as given by the General Table. 
— The contents in the Greneral Table are calculated to the nearest 
unit, as are also those in the Auxiliary Table, No. 2, which is for 
the decimals of feet in the depths. The Auadliary Table, No. i, 
shows the depths of the meeting of the side slopes below the 
formation level, with the number of cubic yards to be subtracted 
from the contents of the General Table for each chain in length, 
for eight of the most common varieties of ratio of slope* 

Nonnc 1. These Tables, with yery little additional calculation, may be ex- 
tended to every Taiiety of finmation level and ratio of slopes that can oocor, 
and even to cases where that ratio differs in the two sidea of the aasoe 
catting, aa shall be shewn in the following Problems. 

NoTB. 8. The investigations of the method of forming these tables and using 
tbem are given in Baker's Raxboay Engineering^ also farther investigations are 
given at the end of the following Problems, respecting Mr. B<ukforth*3 
Erroneous Methods of CaleulaHng Ecurthwork. 

The following diagrams and explanations will further illustrate 
the method of taking the dimensions of railway cuttings, pre- 
paratory to using the above named tables. 

Let ABDGca^<f, bea railway 
cutting, of which ABDC, abdc 
are the cross sections, AB=a6= 
width of formation level, MM', mm' 
the middle depths of the two cross- 
sections; the side-slopes A C, B D, 
ac, bdy when prolonged two and 
two, will intersect at N and n, at 
which points the prolongations of 
M M', m ml will also meet, thus con- 
stituting a prism A B N n a 6, the 
content oi which is to be deducted from the whole content, given 
by the General table, by means of the table No 1.; in which 
the depth M'N=;»i'a is also given, as already stated, to several 
varieties of slope and bottom width. 

* The numbers for the side slopes, forming the alternate lines in Biddet's 
Table, will supply the place of the General Table, and the formula Prob. IIU 
page 199 gives the cubic yar^ to be deducted for each chain in length, the 
quantities for the decimals in the depths, as shown by Table Ko. 2, may be 
omitted by taking the nearest whole numbers in the depths. 
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To place this subject in a more practical point of view, let 
the annexed figure represent a longitudinal and vertical section 
of a cutting, passing through the middle A £ of the formation 
level. H I, the line of the rails, and a A, the line in which the 
slopes if prolonged, would 
meet. It will be seen that 
the cutting AbcdE com- 
mences and runs out on the 
formation level A E, and 
that the depth A a =s B e 
= C/=: &c. is to be added 
to the several depths B b 
CcyD d of the cutting, the 
first and last depth at A and 
E being each = 0; or, what 
amounts to the same thing 

the several depths must be measured from the line ah: thus, 
Aa, be^cg, &c. are the depths to be used. And since the depth 
Aaia given in Table No. 1, for all the most common cases, or 
it maj be readily found by calculation for all cases, as shall 
hereafter be shown, the line corresponding to ah must, there- 
fore, be ruled on the railwaj'Section, at the proper distance 
below A E, from which the several depths must be measured; 
or the vertical scale may be marked with Indian ink (which 
may be readily rubbed off) at the same distance, and this mark 
may then be applied to the formation level A £, for the purpose 
of measuring the several depths. — ^In the case of an embank- 
ment, the liae for the several depths must be placed at a Hke 
distance above the formation level. 

Fboblem L 

2%€ several depths q^a railway etUttng to the meeting of the 
side slopes, its witdh of formation levels and the ratio of the 
slopes being given, to find the content of the cutting in cubic 
yardsy from the Tables referred to^ the distances of the depths 
being one chain each. 

Rule. — Take the several quantities corresponding to every 
two succeeding depths of a cutting or embankment, measured 
to the meeting of the side slopes, at the distance of 1 chain each, 
from the General Table in Beyer's Railway Engineering and 
multiply their sum by the ratio of the slopes; from the product 
subtract the cubic yards corresponding to the given bottom 
width and ratio of slopes from Table No. 1., multiplied by the 
whole length of the cutting, and the remainder will be the 
content of the cutting in cubic yards. 
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But when the distances of the depths are greater or less than 
I chain, the quantities of the Greneral Table must be multiplied 
by their respective distances.— And, when the distances are 
given in feet, the quantities must be multiplied by those dis- 
tances, and the final result divided by 66 for the content in 
cubic yards, as in the following examples. 



1. Let the depth of 
the meeting of the side 



DIH.in 


Depthi 


chains 


in feet 





10 


1*00 


33 


2-00 


39 


3-00 


35 


4-00 


10 



QnUkper 
a.Tableu 



1238 
3175 
3350 
1365 



For slope 1 to 1 . 9128 

2 



2 to 1.18256 

Subtract I _ 1100 
275 X 4 f J^ 

Content in { ,,,.. 

cubic yds. f —17156 



Dlttln 


OeptbB 


pToducta for Diet. 


Total 


dialn& 


In feet 


greater than 1 chain. 


qaanUtiet. 





10 






1-00 


16 


• • • • 


420 


2 00 


20 


• . . • 


795 


4-00 


25 


1243 X 2 


2486 


6-00 


32 


• • • • 


1996 


7-00 


39 


3091 X 2 


6182 


800 


45 


• • . • 


4319 


10-00 


50 


6520 X 2 


11040 


1200 


40 


4971 X2 


9942 


13-00 


30 


• . • • 


3015 


14-46 


10 


1059X1-46 


1546 


For side 


. slopes 1 to 1 ... 


41741 






itol . . . 

li to 1 . . . 


20870 




1 


62611 




J 




366-57 X 14-46 = 


5302 


Contei 


It in cubic yards 


57309 



EXAMPLES. 

the -railway cutting or embankment to 

slopes, at the end of every chain, be as in 

the following table, the bottom width 30 

feet, and the ratio of the slopes as 2 to 

1; required the content in cubic yards. 

Note. In the annexed table the quantity 1238, 
corresponds to the depths 10 and 33 feet, in the 
General Table; the qaantity 3175 to the depths 
33 and 39, and so on for the succeeding depths. 
By the Anziliaiy Table No. I, it will be seen, that 
the depth to be added below the formation level, 
for the given width and ratio of slopes, is 7*50 = 
7i feet, therefore, the catting begins and ends with 
a depth of 10 — 7i s= 2i feet The correspond- 
ing nnmber of cabic yards, to be deducted for each 
chain in length, is multiplied by 4 chains, the 
whole length of the cutting, thus giving the whole 
quantity to be deducted, the remainder being the 
true content In cubic yards of the cutting. 

2. The several depths 
of a railway cutting to the 
meeting of the side slopes 
are as in the annexed 
table, the bottom width 
being 30 feet, and the 
ratio of the slopes 1^ to 
1; required the content 
of the cutting. 

NoTB, When any of the dis- 
tances between two succeeding 
depths is greater or less than 1 
chain, the corresponding quan- 
tity from the General Table 
must be multiplied by that par- 
ticular distance ; as the distances 
Detween the depths 20 and 25, 
and between 32 and 39, &c. the 
distances being each 2 cbaina 
The last distance, viz., that be* 
tween 30 and 10, ia 1 *46 ; in this 



case 2 figures must be cut off for decimals, after multiplying. 
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Distin 


Depths 


feet. 


In feet. 





37 


90 


50 


178 


61 


278 


39 



Quantities multl- 
pled by length. 



4660 X 90 
7554 X 88 
6210 X 100 



Total 
qoanutleft 



419400 
664752 
621000 



For slopes 1 to 
ito 



- l^tol 



36667 X 278 = 



1705152 
852576 

2557728 
101933 



Content in cnbic yards 



66)2455795 
. 37209 
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3. Let the depths of a 
railway cutting to the 
meetiiig of the side slopes^ 
and their distances in feet 
be as in the annexed ta- 
ble, the bottom width 30 
feet, and the ratio of the 
slopes 1-^ to 1; required 
the content in cubic yards. 

NoTB. When the distances 
are in feet the quantities from 
General Table must be respec- 
tively multiplied by their dis- 
tances, the quantity from Table 
No. 1 by the whole distance, 
and the result diyided by 66, the feet in 1 chain, for the content in cubic yards, 
as in the annexed operation. See Baker's Raihocuf Engineering, 

Problem II. 

Case I.— 'TAe arects of two cross sections of a railway cutting 
to the intersection of the side slopes, its length in chains, bottom 
width, and ratio of the slopes are given; required the consent oj 
the cutting in cubic yards. 

Rule. — ^With the square roots of the given areas, as depths, 
find the content from the General Table, as in the last Problem, 
from which subtract the quantity answering to the given width, 
and the ratio of sides slopes from Table No. 1, and the remain- 
der, being multiplied by the length, will be the content required. 

NoiB. If the length be given in feet, proceed as in Example 3, last Problem. 

EXAMPLES. 

1. Let the two sectional areas of a cutting be 4761 and 1296 
square feet, the bottom width 36 feet, the length 3*25 chains, 
and the ratio of the side slopes 2 to 1; required the content in 
cu bic ya rds. 

'^I^ = ^H content per General Table... 6959 
V 1296 5= 36 J 

For bottom width 36 and slopes 2 to 1 per ) ogg 



Content of 1 chain in length 



6563 
H 

19689 
1641 



Content for 3*25 chains 21330 cubic yds. 



198 CONTBNTS OF CUTTINGS, &C. 

Case n.— To find the content when the dtpihs are given in 
feet and decimals of feet 

Bulb.— Let a and b be the feet in any two succeeding depths, 
and a and ^ their respective decimal parts; find the quantity 
answering to a and b from Greneral Table, as in the former 
cases; then, 

2 a -^^ fiy rejecting the last figure, and « will shew the number 

to be added in Auxiliary Table No. 2, and 
2 6 + a, rejecting the last figure, and fi will shew the number 

to be added in the same Table. 
After which deduct for the quantity below the formation level 
as before. 

EXAMPLE. 

Let the sectional areas be 1406 and 2560 square feet, the 
bottom width 36 feet, length 4 chains, and ratio of slopes 1^ to 
1 ; required the content in cubic yards. 

Here ^/T4i^6 == 37-5 and ^/ 2540 = 50-4. Put 37 = a, 
50 s= 5, *5 = a, *4 = /3; then the depths a and by per General 

Table, give 4660 

2 a + ^ =s 124, or 12, (by rejecting last ) „q 

figure) and fi = '4, per Table No. 2, give j 
2^ 4- a = 137, or 14 nearly, (by rejecting) ^^ 

last figure) and a = *5 give J 

4746 
For bottom width 36 and ratio of slopes H to ) -oo 

1, deduct J 

Content for 1 chain in length 4218 

4 



Ditto for 4 chains in length 16872 cubic yds. 

Case IIL — Itt measuring contract work^ where great ac- 
curacy is required^ the -^^s of a foot^ or second decimals, 
must be used in the calculation^ by taking for them -^th of their 
respective quantities in Table No, 2. 

EXAMPLE. 

The areas of seven cross sections of a 
railway cutting to the meeting of the side 
slopes, and their distances are as in the 
annexed table; the bottom width is 30 feet, 
and the ratio of the slopes 1^ to 1 ; required 
the cubic yards in the cutting. 

Ans, The eontent, per General Table, and 
Table No. 2, is 172318 cubic yards, from 
which the quantity corresponding to the 



DlBt in 


Areas in 


cbaina. 


sq. feet. 





2727 


2-00 


3136 


6-00 


4221 


9-60 


4100 


14-00 


5142 


1600 


3759 


1800 


2161 
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given bottom width and ratio of slopes x by the whole length, 
viz. 275 X 18 = 4960 cubic yards, must be deducted, which 
leaves 167568 cubic yards, the content required. 

NoTB 1. — When the distances of the sectional areas are given in feet, the 
qaantities of the General Table must be multiplied bj their respective distances, 
and the final result divided by 66, as in Example 3, Prob. I. 

Nbmfi 2. — When the sur&ce lines of the sectional areas are either level or are 
readily reducible to that position, the decimalsi if any, in depths must be taken 
mto the calculation, as in Cases II. and IIL 

Problem III. 
To adapt the General Table to sttch widths of the formation 
level and ratios of slope as are not found in Table No. 1. 
Put «* = 7 width of formation level, and r : 1 the ratio of slope. 

Then - = feet to be added to the depth of cutting below 

formation level. 

22 «* 
And -^ — = cubic yards to be subtracted for each chain in 

length. 

EXAMPLE. 

Let the width of formation level be 26 feet, and the ratio of 
slopes Ij^ to 1; then » ^ r = 13 -r H = 10^4 ft. = distance 
below formation level to meeting of slopes. 

And 22 X 132 -f- 9 X H = 3305 cubic yards to be deducted 
for each chain in length from the contents of the General Table. 

Problem IV. 

To find the content of a cutting^ when each of the sides have 
two different ratios of slope. 

Bulb. — When the cutting ABCD 

has two diflferent slopes, as A a or B 5 ^ ^ ^} 

and aC or ^D; it must be divided \ • / 

into two parts by the line a bj and the \ \ m / 

quantities of the parts AB6a,a^DC ti^^--'\-''"pib 

of the cutting must be found separately \ '\ • /' / 

by Prob. I. If the surface line CD be \»f / 

sloping or curved, Prob. IL will also ^\ mj^ 

be required; and, if the depths ni n^ \j/ 

mN and their corresponding quan- % 

titles of cubic yards are not found in 

Table No. 1, they must be found by Prob. III., the sum of the 

contents of the two parts being the required content of the 

cutting. 
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Nan. Cattiiigs of this kind are often advantageondj adopted, where their 
npper parte are of looae or springy earth, and their lower parte strong day or 

Pboblem V. 

To find the content of a cutthig when the ratio of the slopes 
of ike two sides are different. 

Case L — When the surface is level. 

Bulb. — Find the central depths to the meeting of each of the 
side slopes, and take their corresponding contents hy Prob. L 
for the whole length of the cutting, in the same manner as if it 
were for two cnttings, and from the smn, subtract the sum of the 
cubic yards corresponding to the given bottom width and ratios 
of slope multiplied bj the whole length of the cutting, and half 
the sum will be the content required. 

Case IL— When seeUonal areas are given. 

Bulb. — ^Find the contents corresponding to the sectional areas 
to the meeting of the side slopes bj Prob. IL, and from their sum 

deduct TT r cubic yards for the content. In this for- 

9(r + /) "^ 

mula » = J bottom width, I s= whole length of cutting, and r 

and r^ the first terms of the ratios of the side slopes. 

NoTB. Cuttings with slopes of this kind are frequently adopted in practice^ 
where the ground is springy on one side of them, the greater ratio of slope being 
on the springy side. 

Problem VL 

To find the quantity of the cutting of a tunnel 

Bulb. — Multiply continually together the width, mean height 
and length; divide the product by 9, if the length be given in 
yards, but, if the length be given in chains, multiply the pro- 
duct by 22 and divide by 9, the width and height, in both cases, 
being given in feet. 

Note. Examples are not given in the three last Problems, the methods of 
solving which being sufficiently obvious from the Rules and the first three 
Problems. 

THE FOLLOWING EXAMPLES SHOW THE ERRORS OF METHODS 
PITT FORTH BT MR. BASHFORTH AND OTHERS, TO FIND THE 
CONTENT OF CUTTINGS. 

EXAMPLES. 

1. The areas of two cross sections of a cutting to the meeting 
of the intersection of the side slopes, are 1296 and 861 square 
feet, their distance one chain, and bottom width 36 feet, and the 
ratio of the slopes 1 to 1 ; required the content of the cutting by 
the true and the erroneous methods practically used. 
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(1.) By the true method: — 

V1296 = 36 ) content by General Table 1907 

V' 361 = 19J ^ 

Deduct from Table No. 1 792 

True content for 1 chain in length 1115 cubic yds. 

(2.) By Mr. BashfortKs method: — 

By Table No. 1, the depth of the meeting of the side slopes 
below formation level is 18 feet; hence the area of the triangle 
below it is 36 X 9 = 324 square feet, which, being taken from 
the given sectional areas, will give 972 and 37 square feet for 
the areas used by Mr. Bashforth; whence, 

>/976^= 31-1 8 ) ^j^ntent by General Table, &c., 975 cubic yds. 
>/ 37 = 6'08J ^ ^ ' 

This content taken from the true content, given [defect. 

above, leaves 140 error in 

Whence 975 : 140 :: 100 : 14*36, or above 14J per cent, the 
error in defect by Mr, BashfortNs method. 

2. Let the areas of the two cross sections to the intersection 
of the slopes be 324 and 2916, and the other things as in the 
last example, required the content of the cutting by the correct 
and erroneous methods. 

(1.) By the true method :^-^ 

-/IM = ^^ I content by General Table 3432 

^ 324= 18/ 

Deduction from Table No. 1 792 

True content for Ith&a in length 2640 cubic yds. 

(2.) By Mr. Bashforth^ s^ihod:^^ 

Here the sectional areas used by Mr. B. are 2592 and 0, 

whence^l^'^ ^^'^^ \ content by Gen. Table 2112 nearly, 

which taken from the true content leaves o^» | ^^^^^^^ 

Whence 2112 : 528 :: 100 '. 25 per cent, the error in defect 
in this case. 

By taking a mean of the areas in example 1. 

i (972 + 37) X -- = 1223| cubic yards, which exceeds the 

true consent 1 18| cubic yards, being about 9f per cent tn excess. 

9* 
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By taking a mean of the areas in example 2. 

22 
^ (2592 + 0) X — = 3168 cubic yards, which exceeds the 

•J 

true eanteni by 628 cubic yard$^ being 16f per cenL in excess. 

Non. By taklog a mean depth the error lu defect is just half the pre- 
ceding one, or 8^ per cent. These methods only give a near approximation to 
the trae content, when the sectional areas of a catting are nearly eqnaL See 
the reeolts of the following formula and remarks. 

The above examples shew with sufficient clearness the inac- 
curacy of Mr. Bashforth's method; but since it has been de- 
fended, as sufficienily correct for practical purposes^ the fol- 
lowing formula will more rigidly prove its failure. Let A' and 
B' be the sectional areas of a cutting, as used by Mr. Bashforth, 
and a the area between the formation level and the meeting of 
the sl opes; then by Bah er^s Railway Engineering, page 55, 

V^ (^/ A'+a X B'-f-a — V A x B' — a) = hi8 erro r in de 
feet, the content by his method being ^ (A -f B' x V A-f B), 

the leng th being unity; w hence 

100 ( ^/ A +"g X "B^g — ^/ A' xB' — a ) ^ 

A + B' -f ^/ iJlTB' 
cent by Mr. Bashforth's method. 



= error per 



EXAMPLES. 

1. When A' = ^ a and B' = 9 a, the above formula gives 
100 (v^ V X 10— n/j X 9— 1 ) a _ Jf_:r 2 ^ 1200 

(i 4- 9 + >/i X 9) a 1^ 91 = 

13^ per cent error in defect. 

2. When A' == and B' = 3 a, the above formula gives 

100(2—0—1) ... ^ . ' ^r , 

^ '=. 33^ per cent, ike error m defect 

3 

3. When A' = and B' =;= o, the &rror in defect is Al^ per 
cent. 

Errors of this kind will repeatedly occur in practice, where 
cuttings and embankments are made, as in the following figure; 
wherein A B is the formation level, and the correspondiog 
curved line is a section of the earth's surface; the small figures 
below being cross sections taken to the intersection of the 
slopes, in which MN, mit, represent the formation level, the 
sectional areas, used by Mr. Bashforth, being those above the 
lines M N, mn^ the Qross section cdmn may either be very 
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small, as in Exomple (1.), or 0, a«< in Examples (2.) and (3.); 
in which latter cases the surface c' d of the section cuts m n. 




From the above figure it will at once be seen that more than 
one half of the sectional parts of the cuttings and embankments, 
will be affected by errors in defect of an average of the above 
named per-centages, which are most decidedly prominent; and 
sufficient, in many cases that occur in practice, to take away 
more than the whole of a contractor's profits. — The error of 
Mr, Bashforth's method attains its maximum^ which is 50 per 
cent^ when both the sectional areas A', B', vanish, which, how- 
ever, is a case that can never occur in practice. 

BEMABKS ON MR. BASHFORTH'S AND THE AUTHOR'S METHODS OF 
FINDING THE CONTENTS OF CUTTINGS. 

Notwithstanding the astounding errors, just proved to exist 
in the method given by Mr. Bashforth, for finding the contents 
of cuttings, he and his abettors have had the assurance to 
blame the author of this work for copying in his Railway En- 
gineering^ his (Mr, B.'s) method. Now, had Mr. B.'s method 
been copied by the author, he must also have copied his errors, 
that is, he ought to have adopted Mr. B.^s method of finding 
the contents of cuttings from sectional areas, where the surface 
of the ground is laterally sloping or curved, in which method 
Mr. B. entirely leaves the prism below the formation level out of 
the question, which the author has included in his calculations 
by the Greneral Table, and afterwards deducted. For Mr. B. 
says (Art. 15. p. 1 1, of his work), " The only way to proceed 
in such a case is, — ^find the area of the cross sections in square 
feet, take out of Barlow's Tables the square root of each, and 
treat these square roots precisely as if they had been measured 
heights^ excepting that there will be nothing to be deducted for 
the prism, and no multiplication for the slopes, these having 
been already accounted for in finding the areas." — Mr. B. then 
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gives an example in accordance with these directionsi in which 
all the cross sections are large, and not greatly differing in area; 
the error in the result of which is, therefore, not so prominent 
^ as those in examples 1, 2, page 201, and in example i, 2, 3, 
page 202, where the areas of the cross sections differ consider- 
ably. 

Besides, in reference to his method of finding contents from 
sectional areas, Mr. B. elsewhere sajs, " In the case of contract 
estimates numerous cross sections ought to be taken; and it 
matters little whether we start from the intersection of the 
slopes or the formation level." 77ie errors shevm in page 202 
shews that " it tnaiters " so much as 25 per cent, on an average^ 
where one of the sectional areas is moderately large, and the 
other either small, or tapering to 0, after the manner of a weelge. 
Besides, '' numerous cross sections ** are by no means required, 
as Mr. B. recommends, where the surface of the ground is 
laterally sloping, or curved like a cylindrical surface, so that 
cross sections taken at from 3 to 10 chains distance to the 
intersection of the slopes, may be considered to be similar, or 
so nearly so as not to induce error; which cases very frequently 
occur in practice, and may be readihr determined by the eye. 
Moreover, ^'numerous cross sections'^ are attended with con- 
siderable expense, and, for this reason alone ought to be avoided 
when they are not wanted, excepting where Mr. B.'s erroneous 
method of finding contents is used, since the amount of error 
will thus be diminished. 

Moreover, the author's method of finding the contents in 
question was communicated to several gentlemen long before 
the publication of Mr. B.'s method, among whom was Professor 
Tate, of the Training Institution, near Twickenham, who is 
well able to judge of such matters, and who has himself pub- 
lished on the same subject in his Geometry. As for the Grcneral 
Table, it is calculated from one of the same formula, which is 
used by Sir John McNeill, Mr. Bidder, and others, as part of 
the basis of their tables, and must, therefore, be common pro- 
perty, — ^the above named gentleman, Mr. B., and the author, 
all using the results in a different manner: besides, the author 
has given two Auxiliary Tables to facilitate his calculations. 
It now remains for Mr. B. and his friends to re-examine the 
investigations of the methods in question, and before they pro- 
nounce Mr. B.'s method to be correct, it is their duty first to 
; prove the author's to be false; which he now calls upon them 
' to do. They must at the same time recollect that the length of a 
cutting does not affect the accuracy of these results, and that 
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their yagae assertions, grounded on such matters, will not in- 
validate the demonstrations, given by the author in his Baihoay 
En^neering^ in the least degree. 



CHAPTER VI. 

PROBLEMS AND FORMULA OF UTILITY IN LAND 
AND ENGINEERING SURVEYING. 

The areas of triangles, &c., may be expeditiously found by 
the following Problems, without mapping them for the purpose 
of finding perpendiculars, &c. 

Problem I. 

To find the area of a tnangky when (wo of its sides and their 
included angle are given. 

Let a and b be the two sides of the triangle, a their included 
angle, and A the area; then 

A :=i ^ ab sine a 

This Problem may be solved by logarithms, by which the 
multiplication of large numbers is avoided, and by which the 
area is found in acres and decimals; thus 

log. A = log. a + log. b + log. sine a «. 15*30103. 

EXAMPLE. 

The two sides of a triangle are 1920 and 1152 links, and 
their included angle 53° 8'; required the area. 

log. 1920 3-28330 

log. 1152 306145 

log. sine 53'' 8'.- 9*90311 

16*24786 
15*30103 

log. A = 8*848 0-94683 

or, A = 8a. 3r. 12p., the area required. 

Problem II. 
Tofindthe area of a iriangleywhen two of its angles and their 
inx^iwded side are given* 

Let a and ^ be the two angles, and a their included side; then 

a* sine A sine 3 

"^ 2sine(«H-/8)' 
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By logarithms for the area in acres. 

log. A sss 2 log. a + log. Biiie a -f- log. sine /3 — log. Bine (a+$) — 15*3Q103 

EXAMPLE. 

A side of a triangle is 2000 links, and its adjacent angles 
60^ 14' and d9^ 46 1 required the area by logarithms. 

Am. 13a. Ir. I2p, 
Pbobleu in. 
To find the area of a triangle ulhen the three sides are given. 
Let a, b and c be the sides, and s their half sum, then 

A:= ^/ s(s — a) {s — b) {s — c). 
By logarithms, for the areas as above, 
log. A=log. «-hlog. («— a)-|-log. (*— ^)-f-log. («— c) -r- 2 — 5. 

EXAKPLE. 

The three sides of a triangle are S050, 2520, and 2040 links, 
required the area by logarithms. Ans. 25a. 2r. 4p. 

Problem IV. 

To find the area of a trapezium, when its four sides are given, 
two of its opposite angles being together = 180^. 
Let a, b, c, and d be the four sides, and s ^ half their sum ; 

then, A s= is/ (s — a) (s — b) (s — c) {s — d). 

The method of solving this Problem by logarithms is suffici- 
ently obvious from Problem IIL. 

Problem V. 

To find the area of a trapezium when its two diagonals and 
the angle of their intersection are given. 

Let D and a be the two diagonab, and a the angle of their 
intersection; then 

A _ D A sine ft 
A— 2 . 

The method of solving this Problem by logarithms is the same 
as that given in Problem I. 

Note. The investigations of the Formnls used in these Problems are given 
in various works on Analytical Trigonometry. 

Problem VI. 

A B C t^ a triangle^ in which the base A B and a point D 
therein are given, 'DC is a qttaUtt/ line, making a given angle 
with Ah; it is required to determine CD so diat the triangle 
ABC may contain land of a given value. 

Put AD=:a, DB = 6, CD = a;, / = square links in an 
acre, sine Z. D ss(r, the values of the land adjacent to a and b 
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respectiyelj, m and n per acre, and V the given value; then 

the ^ areas of the triangles A C D, B C D are respectively 

a<rx ^b<rx , , . , aemx ^b<rnx . 

-rr-and-— -and their values are — ^ — and - ^. ) whence 

Qirm X b<rn x ^ 

tr{am-{-on) 
whence the position of the point C becomes known. 

Cob. When C D is perpendicular to A B, <r = 1, whence the 
above formula becomes 

a m'-f on 

K^OTB. ThiB Problem would be available in solving Case lY, Problem V, 
page 121 ; however, it is there proposed to be solved by assmned or <* Guess 
liaes," conformable to the old practice of surveyors. 

Pboblem VII. 

In making an extensive survey, the fundamental lines A B, 
B C, CD, DA were measured, 
and the distance CP noted; but 





the distance A P was accidentally ^ n^ I 

omitted. It is required to lay X ^ 

down the lines independent of 
this distance; and give a solution 

when AD = DP. 

Put AB=:o, BC = ^ CP=s:c, PD = c?, DA=c, and 
A P = a:; then P B = a— a?; and by trigonometry cos. ^i A P D 

= cos. z.BPC= — ~i = ^ — ^ , — r 5 whence 

2 dx 2c (a — X) 

c+rf "*" c + d c-^d ' 

a cubic equation, from which the value of x may be found, which 
determines the distance A P. 

When A D = D P, that is, when rf = c, the above equation 
becomes 

a quadratic equation, from which the value of ar = A P may be 
readily found. 

Investigation of formulce. — As the formula for dividing 
land, at pages 119 and 121, Cases IL and III., Problem V., 
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ire given without investigatioD, to obviate all doubts of their 
aocuracy, the processes of deducing them are here given. 

(1.) Bj referring to the definition of the symbols, and to the 
diagram at page 119, Case 11., it will be seen that the right 
angled triangles WJS*, WU«,WFft, are similar, therefore, 



ax -, 
s : X :i a I — = S «, 

s 



4- b : \ :— S-. U tt; hence 



s : X :: a 

theareainacre8ofWS*=JWS • S«= 



a^x 

TTe 



ofS*Ut.«i(S*+Ut*)SU==^^^t^, 

of U « F 4=i (U« + Fi)U F^^iLj2ft±£)£f 

Then these areas, being multiplied by their respective values 
per acre, and their sum equated to the required value V, give 

Tsf ^ 277 "^ 27* ' 

2lsY* 
whence x=s= -z — . /o  jl\jl^ . /o . oi . \ = ^ &■ Q.E,L 

Cob. I. If there be only two qualities of land to be thus laid 
out, c must be made to vanish in the above formula, whence it 
becomes 

Cob. II. If there be four different qualities of land, let the 

breadth of the additional quality be d, and its value p; then the 

formula becomes 

2l$Y' 

* *= a9m+(2 a+b) b fi+(2a+2 6+c)co+(2 o+2 h+2 o + d) dp^ * 

the law of extension being sufficiently clear. 

(2.) By referring to the diagram at page 120, Case m., 
Problem Y., and to the symbols on the same and following page, 
it will be readily perceived, that by drawing a perpendicular 
from a on NB, (which is not shewn in the diagram) that 
ag =r a — 2xa, whence the area in acres of the trapezoid 

Hf aqp = J(Np — a q)pq = ^^ . * in a similar way 

the area of B 6 «r is found s: — T'^* ^^^ ^^'^^ ^^ ^^ rec1> 
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bx 
angle pgrs being obvioaslj = "t* • By multiplying these 

three areas by their respective values, and putting their sum 
equ to the required value V, their results 

(a — ax)mx -{- (c -^ px)ox -{• bnx _, 
^ i i = V ; whence 

(am + /8o)a^ — (am + 5«-fco)ar-f /V=:0; and, by 
solving this quadratic for the reciprocal of x, there results 

2ZV' 

am + bn + co+ /s/(oi» + 6» + co)«— 4(oi» + /8o)/V' 

NoTB The method of adapting this formula to a greater or less nmnber of 
qoalities of land is sufficiently clear, from the different modifications of the 
preceding tbrmula in Cor. L and II. 

Problems, Original and Select, 

rOB THB EZBBdSB OF 8Tin>BnTB. 

I. The side of an equilateral triangle is = a, and its area ss 
A; prove that 

n. The base of an isosceles triangle is =s a, one of its equal 
sides = by and its area A ; prove that 

A = i a ^/(2ft + cf)(2ft — a). 

m. In a triangle are given the perpendicular = p, the 
angles opposite the perpendicular = a^ and /3, and consequently 
the third angle = y ; prove that 

. p^ sine y 

"~ 2 sine a sine fi 

IV, ABCD is a trapezium, in which the angles at A and C 
are equal, and AB = o, BC = ft, CD = c, DA = d^ the half 
sum of all the sides = Sy and the area = A; then prove that 



ad 4- be 



A = — ^ r— ^sU — a — c) (« — ft — c) U — c — fl?). 

V, In a trapezium ABCD, are given two opposite sides 
AB = a, CD = ft, the angles at A, B, and C respectively 
= a, iS, and 7, and consequently the fourth angle D = 8; then 
prove that ' 

0^ sine « sine 3 — ft^ sine y sine ^ 

"^ 2 sine (« -f- ^) ' 

VL In a trapezium ABCD, are given the three sides 



210 FROBLXICB AND FOEMUUB. 

CDsOy BAs6, ADsBsc, and the angles at A and B re- 
qtectively s « and fi; then jprove that 

A s ^ < a 6 sine fi-^- be sine a-^ac sine (« + iS) |- • 

Vn. In a pleasure ground A B C D, known to be rectan- 
gular, only the foUowing dimensions could be taken, on account 
of obstructions from buUdings, shrubberies, and ponds, viz., the 
distance A E to the point where the perpendicular B E falls on 
the diagonal A C, and the prolongation E F of B E till it meet 
the side C D ; it is required to find the area of the pleasure 
ground, when B E sss 32» and E F =r 4 chains. 

Ans. 64 acres. 

Vin. A large building is known to be of a square form, but 
no one of its sides could be measured on account of obstructions 
fixmi other buildings ; however, from a point F three streets 
diverge directly «to its three nearest angles A, B, and C. Now 
P A = 60, PB ai 40 and PC = 70 yards; required the side 
of the building. 

IX. Within a rectangular garden, the length of which is 4 and 
its breadth 3 chains, there is a piece of water in the form of a 
trapezium, the opposite angles of which are in a direct line with 
those of the garden, the distances of these opposite angles, taken 
in succession, are 20, 25, 40 and 45 yards; required the area of 
the water. Ans, 960 square yards. 

X. Given the three perpendiculars of a triangle, from the 
angular points to their opposite sides, 10, 11, and 12 chains, to 
find the area of the triangle. Ans. 7a. Or. 4^ p. 

XI. Three objects. A, B, C, are observed at a point D, ex- 
terior to them; the distances of the objects are known to be as 
follows, AB = 8, BC = 12, and AC = 7^ miles: the angles 
ADC, A B D are respectively 25^ and 19^; required the dis- 
tances A D, B D, and C D. 

XII. A gentleman intends to make an elliptical garden, the 
principal axes of which are to be as 3 to 1, and the fence of 
which is to include thi^e trees, one at the end of the transverse 
axis, the second 6 poles from it, and the third the same dis- 
tance from the second, the three trees forming a right angle at 
the second; required the axes and area of the garden. {Gentie- 
mavCs Mathematical Companion^ Quest 449.) 

Ans, Minor axis 55*87 poles, area 73*55 sq, poles. 

Xni. In an elliptical enclosure of one acre the principal 
axes are as 5 tc 4 ; required the length of a chord, which, 
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fastened to the end of the longer axis, will allow a horse to 
graze half an acre. ((?. M. Camp. Quest. 345.) 

Ans. 48*45473 yordSr. 
XrV. Given the diagonals and two opposite sides of a trape- 
sinm to constrnct it, when the area is a maximum or a mini- 
mum. (IMze Quest G. M. Comp.for 1809.) 

XY. In a trapezium ABDC are given all the sides AB = a, 
B D == 5, D C = c, C A = ^ and the diagonal B C = c to 
find the diagonal A D, without constructing the figure. {B. 
Gomperts^s Pntwiples of Imaginary QuantUves. page 29. 
Prob. V.) 

^n.. AD=^a^-h&^-^a&x^^^^^^^^'^' 

in which g s= , and h = — -z . 

ae be 

XVI. There are given the four sides of a trapezium, and a line 
joining given points in two of its opposite sides, from which it is 
required to construct the figure. 

XVIL The five sides a, b^ c, dj and « of an irregular field 
are given, in which the angles between a and 5, b and c, c and 
d^ are equal but not given ; from these da^ it is required to 
lay down the field. 

Note. The solutions of the two last Problems are obtainable by cable eqna- 
tiona. The former was proposed by the aathor» in the GenUeman's Diary for 
1838, it having occurred in his practice of town surveying for raUway purposes. 
The latter was proposed by B. Gompertz, Esq., F,Ii.S., 4^,, in the GenUeman^a 
Mathematical Companion; to which he gave a solution in a concise, novel, and 
ingenious manner by his Priticiplea oflnuiginary Quantities: other soltttioos by 
the ordinaiy methods were also given to the same Problem. 

XVUL A gentleman has an elliptical garden, the principal 
axes of which are 50 and 40 yards, enclosed by a brick- wall 13 
feet high. He ordered his gardener to place his seat at equal 
distances from the centre, one of the foci and the boundary of 
the garden, and around the seat to make a gravel walk of equal 
breadth t^ing up ^ of the area of the garden, and to be of 
such a nature, that, while the gentleman is seated, and the 
gardener moving along the middle of the walk, the gentleman's 
eye, the gardener's utmost height, and the top of the wall, may 
be in the same right line ; the height of the gentleman's eye, 
(when seated), and that of the gardener, being 4 and 6 feet re- 
spectively. Required the position of the seat, and the nature 
and breadth ol the walk. {G. ifef. Comp. for 1806, Quest 14.) 

Ans. The equal distances of the seat from the centre^ focus^. 
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and curve b= 10*7812 yards; the walk u eUipiica^ its 
axes being \\\ and 9^ yards^ Us breadth 2^ yards, and 
the position of the walk with respect to the seat being the 
fame as the fence of the garden, 

NotB. The solatioiis to all the Qnestioiu^ takoi from the works referred to, 
mty bo seen in thoae works. 

(division 07 LAKD.) 

XIX. In a triangle ABC, AB s a, BC = 6, CA = c, and 
from D, a given point in AB, the distance DB = d^ DE a line 
meeting B C and dividing the triangle, so that a A B C : 
^ B D £ : : m : n ; then prove that 

dm 

But if it be found from the calculation that BE is greater 
than B C, and that the divisional line will meet A C in some 
point F ; then prove that 

«i(a — a) 

XX AB C D is a given trapezium, and T a given point in 
AD, from which a line T£ is ^wn to meet BC in E, so that 
trapezium A B C D : trapezium D C E T : : m : n. Now, 
since the trapezium A B C D is giv^, if the sides A D, BC be 
prolonged till they meet in Z, the point Z will also be given; 
therefore, put AZsaco, BZsr^, DZsc, CZ=s^ and 
TZ =s/; then prove that 

-,„ n(ab'^cd) . cd 

Ez — j^f—'^y 

XXI. It is required to divide a given trapezium into four 
equal parts, by two right lines perpendicular to one another. 

NoTB. This Problem was proposed, the author believes, in one of the DiarieSj 
many years ago, where its eolation may be seen. 

(bailwat SKGINBEBING.) 

XXTT, Let 3 be distance between the tangent points of a 
serpentine curve, consisting of two circular arcs of equal radii 
r, a and 3 the angles that ' makes with the tangents, and <r =: 
arc to ^ (cos. a 4. cos. fi); then prove that 

sine a -)- sine ^ + 2 sine <i^ 

XXm. Find the distances of the tangent points to the point 
of contrary flexure of the curve, in the last Broblem, and the 
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angles that these distances make with the tangents to the curve, 
and give the requisite formula. 

XXrV. The widths of a laterally sloping railway cutting 
from the centre of the line are expressed generally by the fol- 
lowing formula. 

bs 

M ss .... , 

l±rh' 

the positive sign being used for the width measure down the 
slope, and the negative one for that up the slope, in which 
formula 5 = ^ width of the cutting, assuming its surface to be 
level, h = differences of level readings at the distances s and I 
on the slope and level, and r the ratio of the slopes. See figure 
to Prob. II., Chap. III. 

XXY. Let a and h be the depth of a railway cutting to the 
intersection of the slopes, / ==: length of the cutting, a =^\ bot- 
tom width, all in feet, and r ^ ratio of the slopes, the surface 
of the cutting being assumed to be horizontal; then prove that 
the content of the cutting in cubic yards is 

XXVI. When a and b are the depths of a horizontal cutting 
to the formation level, and the other dimensions the same as in 
the last Problem; then prove that the content of the cutting in 
cubic yards is 

^^i^a^^ab^b^^^{a^b)Y 

XXVIL Let A and B be the areas of the cross sections of 
a cutting to the intersection of the slopes, dy the area of the end 
of the prism below the formation level, (see fig. p. 194) and / 
the length of the cutting; then prove that the content in cubic 
yards is 

--(A4-B+ ^/AB — 3rf). 

oi 

XXYIII. Let the dimensions be the same as in Prob. XIX.; 
then prove that the error in defect of the method of finding the 
content of a cutting by using the mean depths is 

XXIX. Let the dimensions be the same as in Prob. XXL; 
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then prove that the error in excess of the method of finding 
the content of a cutting bj using mean areas is 

XXX. Prove the formula at p. 202, for finding the error per 
cent of Mr. Bashforth's method of finding the contents of rail- 
way cuttings from sectional areas. 

KoTB. The demonttratioiis of the nine last ProbleniB are given in Baker's 
JRaUwaif Engmeerkig, 

CENTRIFUGAL FORGE OP TRAINS IN KAIL WAT CUBTES. 

Since all moving bodies have a tendency to continue their 
motion in a direct line, from this cause the carriages of a rail- 
way train of great velocity are strongly urged towards the outer 
rail, and would ultimately be driven off the rails, were it not 
for the flanges of the wheels and the conical inclination of their 
tire. 

Let F=: centrifugal force thus generated, W = weight of the 
train, Y = its velocity, B = radius of the curve, in which the 
train moves, and g the force of gravity at the earth's surface; 
then by Dynamics 

t = — =—• 
^B 

EXAMPLE. 

1. When B = ^ a mile = 2640 feet, V = velocity = 30 miles 
per hour = 44 feet per second, and g = 32^ feet = velocity of 
a body falling from rest, at the end of a second ; then 

_ W X 442 22 _ I , w 

^=3-2iir2640 = 96l5^ = ^^^^*^' 

that is, the force that urges the train to quit the curve is -^j of 
its whole weight, in this case. 

2. When Y = 60 miles per hour = 88 feet per second, and 
B the same as in Example 1 ; then 

W X 88^ ^^ 

32i X 2640 ^ ^ ' 

* This great amount of centrifitgal force, in carves of small radios, wonld be 
▼ery mach increased by the high yelocities, which some are sanguine enough to 
expect as likely to be attained on railways; since this force yaries as 

—-or as V« 
a 
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that is the force, in this case, is -^ of the weight of the train. 
Hence it may be perceived how extremely dangerous high 
velocities are in curves of small radius. 

3. When the radius is = 1 mile = 5280 feet, and Y the same 
as in example 2; then 

Fss^W. 

This force, except in curves of very small radius, is counter- 
acted by the conical inclination of the tire of the wheels of the 
engine and its train. The inclination with the lateral play of 
the flanges of the 2 wheels of about ^ an inch on each side, and 
the centrifugal force urging the train towards the outer rail, 
when moving in a curve, increase the diameter of the outer 
wheel and diminish that of the inner one, which causes the train 
to roll on a conical surface, thus necessarily producing a cen* 
tripetal force to counteract the tendency of the train to leave the 
curve. However, in curves of very small radius, the centri- 
petal force thus generated, does not sufficiently counteract the 
centrifugal force, a proper super-elevation of the exterior or outer 
rail being required for this purpose; for determining which 
Pambour has given in his work on Locomotive Engines^ the 
following. 

FOBMULiE FOB THE SUPEB-ELEVATION OF THE EXTEBIOB BAIL. 

liCt V = velocity of the train, R = radius of railway curve, 
R' ^ radius of the curve that the train would describe in con- 
sequence of conical shape of the tire of the wheels, and the cen- 
trifugal force impelling the train outward, and enlarging the 
diameter of the outer, and diminish that of the inner wheel, 
e = gauge of rails, g = force of gravity, and x ^sz super-elevation 
of outer or exterior rail; then 

for the same curve : tbiiB for a velocity of 120 miles per hour, on a conre of ^ 
a mile radios, we shaU have 

32^ X 2640 "• 
that is, the centrifiigal force is, in this case, more than |- of the whole weight of 
the train ; while for curves of 1 mile radius, which are very common in railways^ 

/ = -^ W, or nearly •)- of the weight of the train. It must, therefore be evident 
that a velocity of 120 miles per hour, or even one of 90 miles per hour, must be 
extremely dangerous, especially on an embanked curve, should any accident 
throw the train off the line, which is often the case with the present velocities. 
Moreover, the resistance of the air, which varies as V% must be considerably 
augmented by high winds opposed to the direction of a train of these great 
velocities ; while its engine would require a power greatly superior to those 
now in use. 
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in which 
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B' = 



den 



d being s= outer diameter of the wheels, A s: deviation of the 

1 
wheels, and - = the inclination of the tire. 

91 

Concise and, he trusts, clear demonstrations of the aboye 
formula are given by the author, in his Railway Engineering. 

By solving these formulae for some of the usual cases, 
Pambour produces the following, 

TABLE OF THE SUPER-ELEVATION TO BE GIVEN TO THE 

EXTERIOR RAIL IN CURVES. 







Supor-^ovatlon to be given to the BaU In 




BadliuQftbio 


loches, the Velocity of the motion In 


AodtheWay. 


Curve 
in Feet 


Miles per hour being:— 






" 










lOMilesw 


20MUea. 


aOMUes. 


Waggon with wheels 3^ 


250 


114 


5-60 


12*99 


feet in diameter. 


500 


0-57 


2-83 


6-56 


Gauge of way 4*7 feet 


1000 


0-29 


1*43 


3-30 


Play of the waggons on * 


2000 


0-15 


0-71 


165 


the way, 1 inch. 


3000 


0*10 


0-47 


rio 


Inclination of the tire of 


4000 


0*07 


0-36 


0-83 


the wheels 1 in 7. 


5000 


0-06 


0-2S 


0-66 



The correctness of the above results is pretty generally con- 
ceded. It must, however, be considered, that it is extremely 
difficult, if not impossible, to realize in practice, the precise con- 
ditions and proportions determined by these important formulae; 
as accidental depressions and enlargements of guage of part of 
the rails, as well ^ many other matters that cannot be sub- 
jected to calculation, will unavoidably derange these results. 

The reader, who wishes for further information on these sub- 
jects, may consult Tredgold on the Steam Engine; Haniis 
Treatise an the Steam Engine; and Bakef^s Statics and Dy- 
namics. 
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EAILWAT VIADUCTS OR BRIDGES. 

The extensive lines of railway lately constructed, and now in 
progress, present numerous viaducts, some of which are stu- 
pendous as well as magnificent works, and some of a truly 
novel character. The dimensions of the chief specimens are 
here given. 

TUBULAB AJSTD OTHER IRON OIRDER BRIDGES. 

7%€ Britannia tubular bridge, — This structure, combining 
unparallelled magnitude, strength, and novelty, forms one of 
the viaducts of the Chester and Holyhead Railway. It crosses 
the Menai Straits, uniting the shores of the mainland of Wales 
and the Isle of Anglesea. It consists of two rectangular tubes, 
each 1513 feet in length, ot -f of a mile, 26 feet in average 
depth, and 14 feet 8^ inches in width, the internal depth and 
width being respectively reduced by the construction to 22 
and 14 feet. Each tube has four spans, and consequently three 
piers or towers, exclusive of the abutments. The two middle 
spans, in each tube, are each 460 feet, and the two end spans 
each 230 feet, exclusive of the widths of the towers, which sup- 
port the tubes at a height of 102 feet above high water mark, the 
whole height of the middle tower being 200 feet above high 
water mark, or 230 feet from its foundation. The parts of the 
tubes forming the middle spans were 472 feet in length, pre- 
vious to their being united, and weighed upwards of 1600 tons, 
and were raised to their present lofty position by hydraulic 
presses worked by steam engines, thus leaving the navigation 
of the Menai Straits uninterrupted. 

" It is seldom,'* says Mr. G*. D. Dempsey, " that the invention 
ofv works of new design and skilful mechanical arrangement is 
due entirely to one mind, any more than their construction is 
due to one pair of hands: hence great difficulty arises in 
assigning to each contributor his fair share of merit in their 
production. It must, however, be admitted, that to Mr. R. 
Stephenson alone we are in this instance indebted for the 
original suggestion ; and with this admission, we have endea* 
voured to avoid any attempt to judge of the precise claims of 
the two eminent men, whose joint labours have produced the 

10 



APPENDIX. 219 

Biitanma and Conway Tubular Bridges. That these great 
works owe their design and construction to their joint labours 
is clearly evident, and, we respectfully submit, amply sufficient 
to justify the record of the two names of Robert Stephenson 
and fPiSiam Fairbaim in an honourable and enduring as- 
sociation." The machinery for raising these immense tubes 
was designed and executed by Messrs. Easlon and Amos. 

The Conway tubular bri^e, in the same tine of railway, 
preceded the Britannia, having been raised in 1848. It consists 
of one span only of 400 feet, clear width : the height of the 
tabes above the level of high water ic 
inconsiderablo, when compared with the 
Britaonian tubes, being only 18 feet 
The bri^ thus consists of two tubes 
only, each weighing 1300 tons. It is 
erected close breath the ancient wall ot 
Conway C^tle, its abutments being oi 
strong masonry, the designs of which are 
in harmony with that of the castle. 



IBON TCBITLAlt OIRDEB B 

The first tubular girder bridge de- 
sigDed and constructed by Mr. Fair- 
ibium, was for the purpose of carrying 
'the Blackburn and Bolton Railway over 
the Leeds and Liverpool Canal The 
span of this bridge is 60 feet, the two 
tines of rails beiug carried between three 
parallel girders. — The cellular work in 
girders of this kind constitutes their 
great strength, combined with com- 
parative tightness, the same kind of 
cellular work being introduced both in 
the top and bottom of the tubes of the 
Britannia and Conway Bridges. 

The Gamsborough tu^iar girder 
bridge is the largest yet constructed of 
this kind. It forms the viaduct of the 
Manchester, Sheffield, and Lincdnshire 
Railway over the Trent; and consists of 
two spans, each 154 feet wide, with a 
central piei;and abutments of masonry, 
and two end arches each 40 feet span. 
This bridge crosses the river obliquely 
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the abutment and pier are therefore placed at an angle of 50^ 
with the longitudinal direction of the girders, which are two in 
number, and of uniform depth throughout, between which the 
double line of railway is carried. This elegant specimen of 
wrought ironwork was designed and execnted by Mr. W. Fair- 
bairn, whose name is so honourably connected with the Britan- 
nia and Conway Tubular Bridges. 

BRICK AND 8T0NB VIADFCT. 

T)e brick viaduct at Maidenhead^ eonstructed by Mr. Brunei 
over the Thames on the Great Western Railway, is one of 
the finest specimens of that material. It consists of two ellip- 
tical arches, each 128 feet span, with a rise of 24^ feet; the 
pier between the two arches is 30 feet in width; each arch, 
at the crown, is 5^ feet in thickness, which increase gradually 
towards the abutments. Besides these two splendid arches, 
there are eight others, e^h of 28 feet span, four on e^h 
bank of the river. 

The stone viaduct over the Ouse, near Vorh^ on the Great 
North of England Railway, is another specimen combining 
great strength and elegance of construction. It consists of 
three arches, each 66 feet span, the width of the arches is 
28^ feet, their thickness at the keystone 3^ feet, which graduallj 
increases towards the springing, and the piers are 10 feet in 
thickness. 

The Vale Royal stone viaduct^ over the river Weaver, on 
the Grand Junction Railway, has five arches, each 68 feet 
span, and 60 in height; the whole length of the viaduct is 456 
feet. In the same railway, over the Mersey and Travell Canal, 
there is a viaduct of 12 stone arches, the central two are each 
75 feet span, and the rest from 40 to 14 feet 

The Quaker's Yard viaduct, over the Taff, in the Taff 
Vale Railway, has six arches ; its height above the river is 
100 feet, and its length 600 feet There is another viaduct in 
the same line, at the conflux of the Rbondda and Taff, having 
an arch 100 feet in span, and 60 in height. 

The Ouse Valley viaduct, in the London and Brighton Rail* 
way, is 1440 feet in length ;i it has 37 brick arches of 30 feet 
span, its height varying from 40 to 96 feet. 

The London and Greenfloich Baibvay^ and th$^ London 
and South Western Extemion are coi^tinnons viaducta; the 
former consists of more than 1000 bricsk arches, each 18 feet 
span, and 24 in height ; the arches in the la<tter are a little 
wider, having, besides, seve;]:al ele$9At oVUquer wn wcbaiij, for 
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the purpose of crossing Westminster Road and other principal 
streets. The former ia about four miles in length, and the 
latter nearly two miles. 

OBLIQOE OB SKEW BHnWKS. 

The Sramplon viaduct, over the G-ell, in the Newcastle and 
Carlisle Railway, crosses the Gelt and a public road, at the 
height of 80 feet above the bed of the river. It consisis of 
three atone arches of 33 feet in direct span, which are built at 
an inclination of 45°, thus making their oblique span nearly 30 
feet each. 

The Fairfidd Street bridge, in the Manchester and Bir- 



mingham Railway, has an oblique span of 129^ feet, with a 

rise of 12 feet, and a direct width of 31 feet. It is composed 
of BIX ribs of iron, projecting before each other 13 feet, on in- 
dependent ahutmenta. Open wrought stone parapets crown this 
viaduct, presenting an agreeable and novel appearance. This 
bridge was designed by Mr, G. W. Buck, being remarkable for 
its acute angle, which is only 24J°. The weight of the iron in 
the six ribs or girders is 540 tons : the remainder of the via- 
duct consists of brick arches 4d feet in span. 

Note. Othet lines of railway preaeut a great variet; of th«M bridgei, botli 
of brick and iroo ; some of which diiplay great fl1«gance of conBtructiob. ThU 
kind of biidgES, It Ig aaid, woa firat intriidiiced b^ VLt. CbapmBn, as canal 



men LEVEL BRIDGE, rTEWCASTLE-UPOK-TTNE. 

Iliis bridge is of cast iron, and forms the viaduct of the 
Great North of England Railway across the deep valley of the 
Tyne. In addition to the elegance and magnitude of this work, 
it has a common carriage way suspended beneath the railway] 
thus giving it a decided claim to novelty of construction. 

The number of its iron arches are six. Each arch consists 
of four cast iron ribs, having a span of 123 feet, rising Vl\ in 
the centre. The ribs are disposed in pairs : one pair on each 
side of the carriage road. The carriage road is 20^ feet wide. 
The foot roads (ona between each pak- of rihs) ^ feet wide. 
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